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Preface 
This thesis is formatted as a series of publications either submitted or published in peer-
reviewed journals. Each journal article represents a single thesis chapter and contains 
respective methodologies. Due to the structure of the thesis there 1nay be some inevitable 
repetition among chapters, the General Introduction, General Material and Methods and 
General Conclusion. Each chapter is provided with a title page detailing the publication 
information and author contributions. A combined Bibliography is provided at the end of 
the thesis including references for all chapters. Chapters One to Six refer to the previous 
taxonomic rankings of the subgenera of Scaptia before the formal taxonomic revision is 
presented in Chapters Seven and Eight. All taxonomy presented in this thesis is only 
officially recognised upon publication. 
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Abstract 
The Tabanidae are a large cosmopolitan family of 1nedically and ecologically important 
Diptera. Adults of both sexes are important pollinators, and the females are known to 
mechanically transmit multiple disease agents while blood-feeding, affecting humans and 
animals. The tribe Scionini of the subfamily Pangoniinae consists of stoutly built and 
hairy-eyed flies predominantly austral in distribution, occurring in Australia, New 
Guinea, New Zealand and South America. The Scionini are divided into six recognised 
genera; Caenopangonia Krober, 1930, Fidena Walker, 1850, Goniops Aldrich, 1892, 
Pityocera Giglio-Tos, 1896, Scione Walker, 1850, and the widest distributed genus 
Scaptia Walker, 1850. Scaptia is further divided into seven subgenera; Lepmia Fairchild, 
1969, Pseudomelpia Enderlein, 1922, Myioscaptia Mackerras, 1955, Palimmecomyia 
Taylor, 1917, Plinthina Walker, 1850, Scaptia Walker, 1850, and Pseudoscione Lutz, 
1918. 
The taxonomy of the Scionini has not been revised in over 50 years. Consequently, new 
material has accumulated in museums corresponding to 18 new species of Scaptia 
(Plinthina) (5 spp.n.) , Scaptia (Pseudoscione) (7 spp.n.), Scaptia (Scaptia) (1 sp.n.), 
Scaptia (Myioscaptia) (2 spp.n.), and the novel genus Anzomyia Lessard, gen.n. (3 
spp.n.), all of which have been described and illustrated herein. 
Molecular data was employed to provide the first quantitative phylogenetic hypothesis 
for the Scionini, including the systematic placement of all the tribes in the Pangoniinae. 
An alignment of six molecular markers, including mitochondrial (COI and COII), 
ribosomal (28S) and nuclear (AATS, CAD regions 1, 3 and 4) genes, 5757 bp in total, 
was analysed for 176 taxa using Bayesian and maximum likelihood approaches. Results 
indicated the Scionini are strongly monophyletic, excluding Caenopangonia and 
Goniops, which were subsequently removed from the Scionini and reassigned to the 
Pangoniinae tribes Mycteromyiini and Goniopsinini, Lessard tribe.n., respectively. The 
South American genera Fidena, Pityocera and Scione were strongly monophyletic, 
corresponding to cu1Tent morphology-based classification schemes. Interestingly, Scaptia 
recovered as broadly paraphyletic, which was corrected by formally raising several 
subgenera to genus level (Lepmia, Myioscaptia, Palimmecomyia, Plinthina, 
~ 
Pseudomelpia and Pseudoscione), resurrecting previously synonymised genera 
(Apocampta Schiner, 1867, Copidapha Enderlein, 1922, Parosca Enderlein, 1922, Osca 
lV 
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Walker, 1850, and Triclista Enderlein, 1922) and establishing a novel genus from New 
Zealand (Aotearomyia Lessard, gen.n. ). These molecular results were combined with 
morphological evidence to revise the taxonomy of the entire Scionini, including the 
redescription of all genera and subgenera, in addition to the development of a novel 
diagnostic key to all seventeen recognised genera. 
Divergence time estimates based on the molecular data and the fossil record placed global 
biogeographic radiations of the Pangoniinae in a temporal context. Results indicated that 
the Scionini are a typical Gondwanan group and are 1nost likely Australian in origin. 
Furthermore, the diversification and current biogeography of the tribe appears to be 
influenced by the ancient fragmentation of Gondwana, involving a complex process of 
both vicariance and long distance dispersal. Future studies will benefit from more 
extensive sampling of the South American genera, in particular Fidena, Pityocera and 
Scione, which require further taxonomic revision and updating of the diagnostic keys to 
species. 
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1. General Introduction 
The Diptera are one of the most diverse insect orders and largest radiations of terrestrial 
eukaryotic organisms (Wiegmann et al. 2011). The order co1nprises 10-15% of the known 
animal species and approximately 150,200 described species (Yeates et al. 2003 , 2007; 
Wiegmann et al. 2011 ). This species rich group has been divided into over 150 families , 
22-32 superfamilies, 8-10 infraorders and 2 suborders (Yeates and Wiegmann 1999; 
Yeates et al. 2007). The suborder Brachycera comprises the "higher Diptera" with 
shortened antennae, and is further divided into four monophyletic infraorders: the 
Xylophagomorpha, Stratiomyomorpha, Muscomorpha and Tabanomorpha (Wiegmann et 
al. 2003 , 2011; Yeates and Wiegmann 1999), with the latter including the horse flies 
(Diptera: Tabanidae ). 
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1.1 The Tabanidae 
The Tabanidae, commonly referred to as horse, deer or march flies, are a cosmopolitan 
family of the Diptera with over 4400 described species (Evenhuis et al. 2009; Pape and 
Thompson 2012). Both males and females are vital pollinators of many plants, feeding 
on the nectar of Australian Eucalyptus, Grevillea and Melaleuca, along with other 
myrtaceous plants such as Leptospermum in Australia and New Zealand (Johnson and 
Morita 2006; Mackerras 1957, 1960; Morita 2008; Tillyard 1926). The family also 
exhibits sexually dimorphic feeding habits, as adult females are known blood-feeders and 
can mechanically transmit several disease-causing microbes, spreading anaplasmosis 
(Scoles et al. 2008) and bovine leukaemia virus in cattle, equine infectious anaemia in 
horses (Foil et al. 1984, 1988), trypanosomiases and infections of the filarial nematode 
Pelecitus roemeri in Macropods such as the kangaroo and wallaby (Spratt 1972a, 1972b, 
1974a, 1974b, 1975; Reid et al. 2001), in addition to loiasis, tularaemia and anthrax in 
humans (Foil 1989; Krinsky 1976). Therefore, the Tabanidae have considerable medical 
and ecological impo1iance. 
1.2 Classification of the Tabanidae 
The classification of the Tabanidae is fairly stable as a result of the extensive work of 
Macken·as (1954, 1955) who provided the current scheme based on the external and 
genitalic characters of adults which is still used today. This scheme encompasses four 
subfamilies (Figure 1 ), with further division into one to four tribes: Chrysopsinae 
(Bouvieromyiini, Cbrysopini and Rhinomyzini), Pangoniinae (Mycteromyiini [ added by 
Coscar6n and Philip, 1979], Pangoniini, Philolichini and Scionini) , Scepsidinae, and the 
largest of the subfamilies Tabaninae (Diachlorini, Haematopotini and Tabanini). 
TABANIDAE 
Pangoni inae Scepsidinae Chrysopsinae Tabaninae 
Figure 1: Mackenas ' (1954, 1955) classification scheme for the subfamilies of the Tabanidae. 
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The subfamily Pangoniinae has a near global distribution and are formed of long 
proboscis flies with relatively long and slender legs, appearing well adapted to grasp 
flowers (Mackerras 1955). Currently the Pangoniinae consists of four tribes: the 
Mycteromyiini (Neotropical in distribution), Pangoniini (Australasian, Nearctic, 
Neotropical and Palaeartic), Philolichini (Afrotropical, Australasian and Oriental) and the 
Scionini (Australasian, Nearctic and Neotropical) (Coscar6n and Philip 1979; Mackerras 
1954, 1955; Morita 2008). 
1.3 The tribe Scionini Enderlein, 1922 
The Scionini are mostly stout, bearded and hairy-eyed flies. The tribe is currently divided 
into six genera, of which some are further divided into subgenera (Figure 2), including 
Caenopangonia Krober, 1930, Fidena Walker, 1850, Goniops Aldrich, 1892, Pityocera 
Giglio-Tos, 1896, Scaptia Walker, 1850, and Scione Walker, 1850. The tribe is 
predominantly austral in distribution, occurring in Australia, New Guinea, New Zealand 
and South America, with the exception of the monotypic Nearctic genus Goniops 
(Coscar6n and Wilkerson 1985; Coscar6n and Gonzalez 2001; Coscar6n and Iide 2003; 
Mackerras 1957, 1960, 1961, 1964; Oldroyd 1947; Wilkerson and Coscar6n 1984). 
Goniops and Caenopangonia notably differ from the remainder of Scionini by the 
presence of the bare eyes and extremely widened frons in the females. Knowledge 
regarding the larval stages of the tribe is known only for Goniops and Scaptia (Coscar6n 
and Gonzalez 1989; English 1955; Mackerras 1955, 1957, 1960), as the extreme 
limitation of material available for examination has hindered the development of a formal 
diagnosis for these stages. 
1.3.1 The genus Goniops Aldrich, 1892 
The Nearctic genus Goniops is monotypic and represented by a single medium-sized (12-
14 mm), concolorous golden-brown species (Figure 2). The genus is diagnosed by the 
presence of bare eyes and wings prominently stained radially with brown (Brennan 1935; 
Mackerras 1955; Stone 1930). Goniops is restricted to the eastern United States of 
America and is the only member of the Scionini to occur in the Northern Hemisphere 
(Mackerras 1955). 
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Caenopangonia Krober, 1930 
3 spp . t 
Imm 
C. hinipalpis (Big .. I 92)• 
Pityocera Giglio-Tos, 1896 ■ 
5 spp . 
P I Elaphel/u/ l sp. 
P (Piryocera/ I sp. 
Jmr., 
P (Pseudclaphel/a/ 3 spp. 
Pfeslae Gig .. I 96• 
Fidena Walker, 1850 
99 spp. 
F rFidena) 94 spp. 
F (Laphriomyia) 3 spp. F (lep10fide11a/ I sp. 
■ 
1-: (.Veopangonia) I sp. F leucopogon ( Wied., 1928 )* 
Scaptia Walker, 1850 
120 spp. 
S. r Lepmia/ 2 spp. 
S. (l'alimmecomyia/ 2 spp. 
S. I I' eudomelpia/ I sp. 
S. /Scup1ia1 -10 spp. 
S. (.\/yioscup1ia/ 9 spp. 
S. I Plimhina/ 7 spp. 
S I Pse11doscio11c/ 59 spp. 
S. aurata ( Macq .. 1838)• 
Distribution 
Goniops Aldrich, 1892 
Monotypic 
■ 
G. chr_nocoma Aid .. 1892• 
Scione Walker, 1850 • 4 1 spp. 
Sc. incompleta (Macq .. 1846)• 
Figure 2: The distribution of the austral horse fly tribe Scionini, including genera, subgenera and species 
richness . All type species are illustrated, with the exception of Caenopangonia brevirostris (Philippi, 1865) . 
1.3.2 The genus Caenopangonia Krober, 1930 
The South American genus Caenopangonia comprises small to medium-sized species 
(length 9-14 mm), yellowish-brown in colour (Figure 2), and is the only member of the 
Scionini to possess dichoptic eyes in both sexes (Coscar6n and Philip 1979; Krober 
1930b ). The genus contains three described species from Chile and Argentina (Coscar6n 
and Philip 1979; Krober 1930b). Mackerras (1955, p. 483) previously reduced 
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Caenopangonia as a synonym of Mycteromyia Philippi, 1865, however, Coscar6n and 
Philip ( 1979) resurrected Caenopangonia and "questionably retained" the genus within 
the Scionini (Coscar6n and Philip 1979, p. 427). Based on the morphological differences 
in the dichoptic eyes of the male and extremely wide and densely haired frons of the 
females, Caenopanngonia appears to be more congn1ent with the Mycteromyiini than the 
Scionini. Therefore, the taxonomic placement of Caenopangonia may warrant 
reconsideration. 
1.3.3 The genus Fidena Walker, 1850 
The genus Fidena includes medium to large (11-22 mm), stout species with a distinctly 
produced snout-like face and an extremely long, slender proboscis (Figure 2; Coscar6n 
and Papavero 2009; Mackerras 1955). Fidena is widespread throughout South America, 
with a smaller radiation into Central America (Coscar6n and Papavero 2009; Mackerras 
1955). Currently, the genus contains 99 described species and is further divided into four 
subgenera, including Fidena (Fidena) Walker, 1850 (94 spp.), Fidena (Laphriomyia) 
Lutz, 1911 (3 spp.), Fidena (Leptofidena) Krober, 1930 (monotypic), and Fidena 
(Neopangonia) Lutz, 1909 (monotypic ). 
1.3.4 The genus Pityocera Giglio-Tos, 1896 
Pityocera is formed of small to medium-sized (length 8-14 mm), concolorous brown 
species, most similar to Fidena sharing a projecting face and long proboscis equal to or 
greater than the length of the body (Figure 2). It is distinguished from other Scionini by 
the antennal flagellum with obvious structural projections or prominent tufts of hairs on 
one or more flagellomeres (Fairchild 1942, 1969; Mackerras 1955; Coscar6n and 
Papavero 2009). The genus is predominantly distributed in South America, with a smaller 
expansion in Central America. Pityocera currently contains five described species and is 
further divided into three subgenera; Pityocera (Pityocera) Giglio-Tos, 1896 
(monotypic ), Pityocera (Elaphella) Bezzi, 1913 (monotypic ), and Pityocera 
(Pseudelaphella) Krober, 1930 (3 spp.). 
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1.3.5 The genus Scione Walker, 1850 
Scione is formed of rather small to moderately-sized (length 9-16 mm), slender and 
uniformly mottled species, diagnosed by the projecting face, proboscis with unexpanded 
labella, and strongly patterned thorax, abdomen and spotted wings (Figure 2; Fairchild 
1942; Mackerras 1955; Coscar6n and Papavero 2009). The genus comprises 41 described 
species from Central and South America, ranging from Mexico, Guatemala and Panama 
to Colombia, Venezuela, Ecuador, Brazil, Peru, Bolivia and Argentina (Fairchild 1942; 
Mackerras 1955). Based on the morphological similarities of the scutal vittae and overall 
appearance, it may be closely related to the subgenus Scaptia (Pseudoscione) Lutz, 1918. 
1. 3. 6 The genus S captia Walker, 18 5 0 
The most widespread genus Scaptia comprises mostly solidly built species and is the most 
species-rich genus of the Scionini, with over 120 described species. The genus is 
exclusively austral in distribution, occurring in Australia, New Guinea, New Zealand and 
South America (Coscar6n and Wilkerson 1985; Coscar6n and Gonzalez 2001; Coscar6n 
and Iide 2003; Mackerras 1957, 1960, 1961, 1964; Oldroyd 1947; Wilkerson and 
Coscar6n 1984 ). Scaptia is further divided into seven subgenera, including Lepmia 
Fairchild 1969, Pseudomelpia Enderlein 1922, Myioscaptia Mackerras 1955, 
Palimmecomyia Taylor 1917, Plinthina Walker 1850, Scaptia Walker 1850, and 
Pseudoscione Lutz, 1918. 
The subgenus Scaptia (Scaptia) includes short, thick-legged species (Figure 2), 
possessing parallel frons, large pointed and sabre-like palpi, and a short and thick 
proboscis with large well-developed labella (Coscar6n and Wilkerson 1985; Mackerras 
1955, 1960). It is the second most widely distributed subgenus of Scaptia, occurring in 
Australia and South America and contains 40 described species (Coscar6n and Wilkerson 
1985; Mackerras 1955, 1960; Wilkerson 1984). Several former genera have been reduced 
to synonymies of Scaptia by Ferguson (1924, 1926), based on shared morphology, 
including Apocampta Schiner, 1867 (from Australia), Triclista Enderlein, 1922 
(Australia) and Osca Walker, 1850 (South America), which is adopted by most authors 
(Coscar6n and Papavero 2009; Coscar6n and Wilkerson 1985; Fairchild 1969; Mackerras 
1955, 1960; Wilkerson 1984). 
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The three subgenera Scaptia (Myioscaptia), Scaptia (Palimmecomyia) and Scaptia 
(Plinthina) are endemic to Australia (Mackerras 1960). Scaptia (Myioscaptia) is formed 
of nine described species that are small (8-11 mm) and rotund, usually bright metallic 
green to dull semi-metallic black, with rounded leaf-like palpi (Mackerras 1955, 1960). 
In contrast, the subgenus Scaptia (Plinthina) contains only seven medium-sized species 
(9-14 mm), with strong scutal vittae, distinct marbling of the wings, and short thick and 
broad flattened palpi (Mackerras 1960). The subgenus Scaptia (Palimmecomyia) is 
represented by only two described species that are long (13-17 mm), narrow to elongated, 
parallel-sided and wasp-like in appearance (Mackerras 1955, 1960; Taylor 1917). 
The subgenera Scaptia (Lepmia) and Scaptia (Pseudomelpia) are both endemic to South 
America (Coscar6n and Gonzalez 2001; Coscar6n and Iide 2003). The Brazilian subgenus 
Scaptia (Lepmia) is formed of only two moderately-sized species (length 11-15.5 mm), 
diagnosed by the broad and densely haired, large bulbous abdomen and the thick 
proboscis with reduced labella (Fairchild 1969; Coscar6n and Iide 2003). In contrast, the 
n1onotypic Chilean subgenus Scaptia (Pseudomelpia) is small (length 7-9 mm), dark and 
hairy, and diagnosed by the extremely short and thick proboscis, short swollen club-like 
palpi, and basal fusion of the antenna! flagellomeres (Coscar6n and Papavero 2009; 
Coscar6n and Gonzalez 2001; Krober 1930b; Mackerras 1955_). 
The most widespread subgenus Scaptia (Pseudoscione) contains 59 described species 
from Australia, South America, New Guinea and New Zealand, and is the only 
representative of the Scionini in the latter two islands (Mackerras 1957, 1960, 1961 , 1964; 
Oldroyd 194 7; Wilkerson and Coscar6n 1984 ). Species are plump, medium-sized to 
rather large (range 9-16 mm), and diagnosed by the long and slender proboscis with small 
labella and relatively long slender legs (Mackerras 1955, 1960). Two former genera, 
Copidapha Enderlein, 1922 (Australia) and Parosca Enderlein, 1922 (Chile), were 
reduced to synonymies of Scaptia (Pseudoscione) by Ferguson ( 1926) and Mackerras 
(1955), respectively, based on shared morphology, and is adopted by most authors 
(Coscar6n and Papavero 2009; Fairchild 1956, 1966; Mackerras 1960; Daniels 1989; 
Wilkerson and Coscar6n 1984). 
Mackerras ( 1960) described one cunous species, Scaptia (Pseudoscione) anomala 
Mackerras, 1960, from Australia and suggested that it may represent a novel subgenus of 
Scaptia. Although unnamed at the time, Mackerras (1955) referred to the species as being 
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most similar to Scaptia (Pseudoscione ), based on shared similarities of the antennal 
flagellomeres and genitalia, but also sharing the short fleshy proboscis and large, hairy 
antennal scape that is most similar to Scaptia (Pseudomelpia). The species was also 
identified as an intermediate species of Scaptia (Scaptia) and Scaptia (Pseudoscione), 
and was provisionally placed within Scaptia (Pseudoscione) so it would not escape 
recognition: "S. anomala is exceptional, in combing the short proboscis and long palpi of 
[the subgenus] Scaptia with the diverging frons and general appearance of [the subgenus] 
Pseudoscione... a case could be made for establishing [ a new subgenus] for Scaptia, 
[ represented by] S. anomala, and that may prove to be a proper course when more is 
known about it" (Mackerras 1960, p. 33). 
1.4 Challenges of traditional taxonomy 
The taxonomy of the Scionini has been historically challenging, since many of the genera 
are often weakly diagnosed by the combination of relatively few morphological 
characters that are not necessarily useful or informative when applied to other groups. 
Identifications based on the genitalia are often compromised because large structural 
differences in the genitalia do not correspond to differences in external morphology, and 
often cannot aid in species identification (Mackerras 1955, 1960). Mackerras (1960) 
stated that there is an "absence of supporting differences in the genitalia" (p. 32) and that 
"the male genitalia have given no assistance in discriminating between species" (p. 36) 
of Australian Scionini. Preservation can also impact on common diagnostic characters, 
such as the augmentation of proboscis length during death (Wilkerson and Coscar6n 
1984) that can impede subgeneric diagnoses, or colour fading in specimens that can affect 
species-level identification (Mackerras 1960; Mackerras et al. 2008). 
Mackerras (1955 , p. 455) lamented "the situation is further complicated by the large 
number of species in the family, repeated evolution, paucity of structural characters, and 
the fact that segregates are quite distinct in one region but merge together in another, so 
that workers in different regions would naturally have different opinions about their 
validity". The taxonomy of the South American genera is particularly fragmented and has 
been considered to be in a "chaotic condition"" (Fairchild 1956, p. 9). Moreover; many 
international workers have made several disjoint taxonomic changes for several genera 
of the Scionini that are published in a myriad of languages, including English, German 
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and Spanish (Lutz et al. 1918; Krober 1930a; Enderlein 1922, 1925). The original 
taxonomy for some genera is often inadequate and incomplete, with Enderlein (1922) and 
Lutz et al. ( 1918) presenting several original genera (Pseudomelpia and Pseudoscione, 
now recognised as subgenera of Scaptia, and the synonymised genera Copidapha 
Enderlein, 1922, Parosca Enderlein, 1922, and Triclista Enderlein, 1922) in either a 
taxonomic key or checklist to species, without a formal taxonomic description or any 
systematic context. Consequently many genera may have been wrongly synonymised in 
the past due to a poor understanding of their taxonomy and systematic relationships. 
1.5 Previous molecular studies on the Tabanidae 
Recent workers have found strong support for the monophyly for the Tabanidae, based 
on both morphological (Mackerras 1954; Yeates 2002) and molecular evidence (Morita 
2008; Wiegmann et al. 2000, 2003, 2011). Molecular data was recently proven successful 
in reconstructing phylogenetic histories for the Tabanidae, as Wiegmann et al. (2000) was 
the first to demonstrate the well-supported monophyly of the Tabanidae using the 
ribosomal gene 28S (Figure 3). In this previous study, each subfamily was recovered as 
monophyletic, including two species of the Chrysopsinae, four species of the Tabaninae, 
and two species of the Pangoniinae, each belonging to the tribes Mycteromyiini and 
Pangoniini (Wiegmann et al. 2000). 
Wiegmann et al. 2003 also reinforced the monophyly of the Tabanidae using 28S data, 
however, included only two specimens corresponding to the subfamilies Chrysopsinae 
and Tabaninae. More recently, the phylogenomic approach of Wiegmann et al. (2011) 
showed that the Tabaninae subfamily was strongly monophyletic using a dataset of 
complete mitochondrial genomes and 12 nuclear and ribosomal genes, including 
mitochondrial Cytochrome Oxidase (CO), ribosomal 28S and the nuclear protein-coding 
genes carbamoyl-phosphate synthetase-aspartate transcarbamoylase-dihydroorotase 
(CAD) and alanyl tRNA synthase (AATS), despite the family being represented by a 
single specimen from each of the genera Tabanus and Haematopota . 
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Figure 3: Phylogenetic relationships of the Tabanomorpha presented by Wiegmann et al. (2000: modified 
from figure 3, p. 1036). Note the monophyly of the Tabanidae and its subfamilies based on maximum 
likelihood analysis of ribosomal 28S data (bootstrap support >50%; 100 replicates). 
The molecular study of Morita (2008) was the first to explore the phylogenetic 
relationships of the Tabanidae below the subfamily level. Using the mitochondrial gene 
Cytochrome Oxidase Subunit One (COI) and the carbamoyl-phosphate synthetase 
domain of the nuclear gene CAD, Morita (2008) demonstrated strong support for the 
monophyly of each subfamily (Figure 4), in addition to the individual monophyly of two 
of the four Pangoniinae tribes, the Pangoniini and Philolichini. The traditional 
morphological classification schemes for the tribes were also supported by the molecular 
analysis of Morita (2008). Cu1Tently, studies on the phylogenetic relationships of the 
Tabanidae remain extremely limited and do not include any members of the tribe 
Scionini. 
1.6 Divergence time estimation 
Divergence time estimation combines genetic data with the fossil record to date 
divergences among lineages in a time-calibratea phylogeny (Crisp et al. 2011; Wiegmann 
et al. 2003). Recent workers have successfully applied divergence time estimation to 
investigate the diversification events of the holometabolous insects 
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Figure 4: Phylogenetic relationships of the Tabanidae presented by Morita (2008: modified from figure 
5, p. 320). Note the monophyly of the Tabanidae, including the tribes of the Pangoniinae subfamily based 
on maximum likelihood analysis of CAD and COI genes (bootstrap support > 50%; 1000 replicates). 
(Wiegmann et al. 2009), the Neuropterida (Winterton et al. 2010) and the Diptera 
(Bertone et al. 2008; Wiegmann et al. 2003, 2011 ), including the fly families Acroceridae 
(Winterton et al. 2007), Agromyzidae (Winkler et al. 2009) and Stratiomyidae (Brammer 
and von Dohlen 2007). Bertone et al. (2008) placed the earliest diversification of the 
Diptera approximately 267 MY ago in the late Permian using multiple gene markers, 
including CAD and 28S. The results of Bertone et al. (2008) was somewhat in accordance 
with the estimate for the earliest diversification of the Diptera placed at 245 MY, based 
on fossil data alone (Grimaldi and Engel 2005). 
Wiegmann et al. (2003) was the first to include the Tabanidae in a larger study assessing 
the temporal divergences of the Brachycera. This previous study revealed the Tabanidae 
diverged from the Pelecorhynchidae approximately 120-115 MY ago in the Cretaceous, 
with the Chrysopsinae and Tabaninae subfamilies diverging approximately 57 MY ago 
in the early Paleogene. This study, however, included only two specimens corresponding 
to the subfamilies Chrysopsinae and Tabaninae and used a single fragment of the 28S 
gene. Therefore, previous studies on the temporal diversification of the Tabanidae are 
extremely limited and divergence time estimation may provide novel insights into the 
global diversification patterns of the family. 
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Table 1: The fossil Tabanidae, including age, collection substrate and taxonomic placement (Martins-Neto 
and Santos, 1994; Mostovski et al. 2003; Ren 1998; Zhang 2012). 
Fossil name Age (MY) Formation, Position Reference 
country 
Laiyangitabanus 145-140 Laiyang Tabanidae Zhang 2012 formosus Formation, China 
Eotabanoid lordi 144-140 Durlston Tabanidae Mostovski et al. 
Formation, 2003 
England 
Eopangonius 127-121 Yixian Tabanidae Ren 1998 
pletus Formation, China 
Cratotabanus 121-99 Crato Formation, Tabanidae Martins-Neto and 
stenomyomorphus Brazil Santos, 1994 
Cratotabanus sp. 121-99 Crato Formation, Tabanidae Martins-Neto and 
Brazil Santos, 1994 
1.7 The fossil Tabanidae 
Fortunately there are several reasonably well-preserved fossils of Tabanidae that can be 
used to calibrate divergence time estimates for the family. These comprise five fossilised 
species spaning four genera (Table 1) that are considered to be the most reliable, including 
Cratotabanus stenomyomorphus Martins-Neto and Santos, 1994 and Cratotabanus sp. 
Martins-Neto, 2003 (both 121-99 MY; Crato Formation, Brazil; Grimaldi et al., 2011; 
Martins-Neto, 2003; Martins-Neto and Santos, 1994), Eopangonius pletus Ren, 1998 
(127-121 MY; Yixian Formation, China; Ren, 1998), Eotabanoid lordi Mostovski, 
Jarzembowski and Coram, 2003 (144-140 MY; Upper Berriasian Durlston Formation, 
England; Mostovski et al., 2003) and Laiyangitabanus formosus Zhang, 2012 ( 145-140 
MY; Late Tithonian, Upper Jurassic to Early Berriasian, Lower Cretaceous; Laiyang 
Formation, China; Zhang, 2012). Unfortunately, many of these fossils cannot be 
accurately assigned to a particular subfamily due to the failed preservation of key 
diagnostic features, such as the hind tibial spurs, antennal flagellum and ocelli (Mostovski 
et al., 2003; Zhang, 2012). 
The fossils originally described by Ren (1998) in the subfamily Pangoniinae have either 
been criticised as belonging to that subfamily or have been subsequently removed 
altogether from the Tabanidae. Based on the preserved wing morphology, Grimaldi et al. 
(2011) identified Palaepangonius eupterus Ren, 1998 (127-121 MY; Yixian ·Formation, 
China; Ren, 1998) as being inconsistent with the Tabanidae, specifically regarding the 
short inverted R2+3, the open cell Cu with veins A 1 and CuA2 independently meeting at the 
wing margin, and the extremely long veins R4 and Rs that are double the length of extant 
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Tabanidae. Based on these differences, the genus was eventually transferred to the 
Athericidae and synonymised under the genus Athericites Mostovski, Jarzembowski and 
Coram, 2003 (Zhang 2012). Similarly, E. pletus is no longer recognised as a member of 
the Pangoniinae, as it cannot be assigned to any of the subfamilies due to the failed 
preservation of the diagnostic hind tibial spurs and antennal flagellum (Zhang, 2012). 
Baissomyia redita Mostovski, Jarzembowski and Coram, 2003 (137-127 MY; Lower 
Cretaceous; Zaza Formation, Russia; Mostovski et al., 2003), which was provisionally 
described within the Tabanidae, also cannot be confidently placed within the family due 
to the poor preservation of the wings and is currently recognised as a stem group of the 
Tabanomorpha (Mostovski et al., 2003). 
The compression fossils E. lordi and La. formosus which span two continents (China and 
the UK) are currently considered to be the oldest and most reliable fossils of the 
Tabanidae, based on the almost complete preservation of the wings (Mostovski et al., 
2003; Zhang, 2012). Refering to E. lordi, Mostovski et al. (2003, p. 165) stated that "the 
general shape of the wing, the much thickened basal costal vein, the long and nearly 
straight R2+3 [vein], and the broad R4+s fork unequivocally place the genus in the 
Tabanidae". Therefore, the known ages of the two independent fossils will be valuable 
for estimating the divergence times of the Tabanidae. 
1.8 Gondwana and the biogeography of the Scionini 
Gondwana was once the southern division of the ancient supercontinent Pangaea, 
separating from Laurasia approximately 180-160 MY ago in the Jurassic (Figure 5; 
Sanmartin and Ronquist 2004). The great southern continent began to fragment 165-150 
MY ago, with Africa becoming completely separated from the remaining land1nass at 
110-95 MY in the mid-Cretaceous (Sanmartin and Ronquist 2004). Zealandia, the ancient 
landform that would eventually give rise to New Zealand, was the first to break away 
from the remainder of Gondwana 82-70 MY ago in the late Cretaceous, followed by the 
complete separation of Australia, Antarctica and South America from one another 
between 40-28 MY ago in the Paleogene (Crisp et al. 2011; Sanmartin and Ronquist 
2004). 
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Figure 5: Paleo geographic relationships and temporal division of the Gondwanan landmasses presented by 
Sanmartin and Ronquist (2004: modified from figure 1, p. 217), including the confidence intervals ( colour 
bars) for the complete separation of the major continents (Crisp et al. 2011 ; Sanmartin and Ronquist 2004). 
MY, million years; NZ, New Zealand; SA, South America. 
Such significant geographical events have ultimately influenced the current distributions 
of n1any animal and plant taxa (Cranston et al. 2010, 2012; Crisp et al. 2011; Sanmartin 
and Ronquist 2004; Waters and Craw 2006). These Gondwanan patterns of biogeography 
are often reflected in the phylogenetic structure of austral organisms (Cranston et al. 2010, 
2012; Crisp et al. 2011; Sanmartin and Ronquist 2004) . The classic southern Gondwanan 
pattern often involves African taxa diverging from the sister clade containing the 
re1nainder of continental taxa, followed by the New Zealand taxa diverging from the sister 
group of Australian and South American taxa (Figure 6; Crisp et al. 2011; Sanmartin and 
Ronquist 2004). 
Biogeographic radiation patterns can also be explained by the results of divergence time 
estimation (Crisp et al. 2011; Knapp et al. 2007). This is particularly useful in determining 
if colonisation of landmasses is caused by ancient vicariance or more recently by long 
distance dispersal. According to Sanma1iin and Ronquist (2004 ), many Gondwanan 
groups, such as the marsupials, are poor dispersers across large geographical barriers and 
their cu1Tent biogeography is a result of vicariance. Sanmartin and Ronquist (2004) also 
demonstrated a well-supported vicariant radiatipn for a myriad of insects across Africa, 
Australia, New Zealand and South America, including the 
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Figure 6: The classic southern Gondwana biogeographic pattern frequently exhibited in austral taxa 
(Sanmartin and Ronquist 2004: modified from figure 3, p. 220). 
Diptera families Chironomidae, Orthocladiinae, Apioceridae, Mydidae and 
Mycetophilidae. Divergence time estimation can identify vicariant events in a time-
calibrated phylogeny, when the divergences of the geographical clades correspond to the 
events of geographical isolation (Figure 7; Crisp et al. 2011; Sanmartin and Ronquist 
2004). Alternatively, long distance dispersal can be identified if the divergences of the 
geographical clades do not correspond to the events of geological isolation (Figure 7; 
Crisp et al. 2011; Sanmartin and Ronquist 2004). 
Waters and Craw (2006) stated that vicariance and long distance dispersal are not 
mutually exclusive events, as more recent dispersal of organisms can override genetic 
signals of ancient vicariance, particularly for Australian taxa migrating to New Zealand. 
Moreover, Cranston et al. (2010, 2012) and Krosch et al. (2011) independently 
demonstrated, using divergence time estimation, that the Gondwanan pattern in the 
current biogeography of the Chironomidae was formed by both vicariance and long 
distance dispersal. Currently the diversification and global radiation patterns of the 
Tabanidae remain unknown. 
1.9 Objectives 
The systematics of the Scionini is thus unclear. The taxonomy of the tribe is currently 
hindered by the limited availability of reliable morphological characters and inadequate 
diagnoses for many genera. The utility of molecular markers, including mitochondrial 
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Figure 7: Scenarios of vicariance and long distance dispersal in a time-calibrated phylogeny provided by 
divergence time estimation, including the confidence intervals for the separation ofNew Zealand (NZ) and 
South America (SA) from the remainder of Gondwana. Vicariance is a possible causal process when the 
confidence interval of the node of interest overlaps with the geological timing of fragmentation. 
Alternatively, long distance dispersal cannot be rejected when the confidence interval of the node of interest 
does not overlap with the geological timing of fragmentation (adapted from Crisp et al. 2011; figure 1, p. 
69). MY, million years. 
(COI and COII) , ribosomal (28S) and nuclear genes (AA TS and CAD), has been 
previously demonstrated to reconstruct the evolutionary histories of the Diptera, 
including some genera of the Tabanidae, and may prove useful for studying the 
phylogenetic relationships of the Scionini. Given the presence of reliable Tabanidae 
fossils and the cun·ent distribution of the Scionini, divergence time estimation may 
provide novel insights into the global diversification patterns of the tribe with respect to 
the ancient fragmentation of Gondwana. 
Therefore, this thesis aims to: 
1.10.1 Update the species-level taxonomy of the Australasian Scionini 
New material has accumulated in Australian and New Zealand museum collections since 
the last major revision of the Scionini published over 50 years ago, corresponding to 
several new species and genera. These new taxa will be identified, described and 
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illustrated, as well as updating or developing novel taxonomic keys to include all 
described species. This will ultimately aid in the prompt morphological identification of 
material for future workers. 
Relevant chapters: 
III. Lessard B.D. and D.K. Yeates. 2011. New species of the Australian horse fly 
subgenus Scaptia (Plinthina) (Diptera: Tabanidae ), including species descriptions 
and a revised key. Australian Journal of Entomology 50: 241-252 
N. Lessard B.D. and D.K. Yeates. 2012a. Anzo1nyia (Diptera: Tabanidae: 
Pangoniinae: Scionini): a new genus of Australian and New Zealand horse fly, 
including the description of three new species. Insect Systematics and Evolution 
43: 101-116 
V. Lessard B.D. and D.K. Yeates. 2012b. Seven new species of the southern 
hemisphere horse fly subgenus Scaptia (Pseudoscione) (Diptera: Tabanidae), 
including descriptions and a revised key. Journal of Medical Entomology 49: 
1206-1225. 
VI. Lessard B.D. and D.K. Yeates. 2013. New species of the Australian horse fly 
subgenera Scaptia (Scaptia) Walker, 1850 and Scaptia (Myioscaptia) Mackerras, 
1955 (Diptera: Tabanidae). Zootaxa 3680: 118-129. 
1.10.2 Construct the first phylogenetic hypothesis for the Scionini using molecular 
genes 
Previous studies have shown the utility of molecular data in reconstructing the 
evolutionary history of the Tabanidae. The phylogenetic relationships of the Scionini 
remain unknown, which is undesirable given the ecological and medical importance of 
the tribe. Previously molecular studies have demonstrated the utility of mitochondrial 
(COI), ribosomal (28S) and nuclear (AATS and CAD) genetic 1narkers in resolving the 
systematics of the Tabanidae, which will be employed in the current study to reconstruct 
the phylogenetic relationships of the Scionini, with a particular focus on the widest spread 
genus Scaptia. Molecular analysis will also highlight any groups that may require 
subsequent taxonomic revision. 
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Relevant chapter: 
VII. Lessard B.D, Cameron S.L. , Bayless, K.M., Wiegmann B.M. and D.K. Yeates. 
2013. The evolution and biogeography of the austral horse fly tribe Scionini 
(Diptera: Tabanidae: Pangoniinae) inferred from multiple mitochondrial and 
nuclear genes. Molecular Phylogenetics and Evolution 68: 516-540. 
1.10.3 Formally revise the taxonomy of the Scionini 
The taxonomy of the Scionini has been historically challenging given the difficulties 
associated with morphological uniformity, the expansive distribution hampering adequate 
collection of fresh material for examination, and previously disjointed efforts by 
international taxonomists spanning several generations. The tribe Scionini will be 
taxonomically revised using both morphological evidence and the molecular data 
obtained in Objective 2. All genera will be redescribed, illustrated and provided with 
information regarding the number of recognised species, distribution, feeding habits and 
larval stages if known. 
Relevant chapter: 
VIII. Lessard B .D. 2014. Revision of the austral horse fly tribe Scionini (Diptera: 
Tabanidae). Austral Entomology (in press). 
1.10.4 Assess the global biogeographical patterns of the Scionini 
Divergence time estimation and the fossil record will be combined to place current 
biogeographical radiation patterns of the Scionini in a temporal context. Divergence time 
estimation will assess whether the sequential fragmentation of Gondwana has influenced 
the current biogeography of the tribe. This method may also identify patterns of 
vicariance or long distance dispersal, as well as providing novel insights into the origin 
of the tribe. 
Relevant chapter: ,, 
VII. Lessard B.D, Cameron S.L. , Bayless, K.M. , Wiegmann B.M. and D.K. Yeates. 
2013. The evolution and biogeography of the austral horse fly tribe Scionini 
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(Diptera: Tabanidae: Pangoniinae) inferred from multiple mitochondrial and 
nuclear genes. Molecular Phylogenetics and Evolution 68: 516-540. 
This thesis is presented as a series of journal articles either published or submitted to peer-
reviewed scientific journals. Figures and Tables are presented in the published form and 
are preceded with the number of the relevant chapter in the Lists of Tables, Figures and 
Keys (i.e. Figure 4 of Chapter One will become Figure 1.4 as specified in the List of 
Figures). 
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2. General Materials and Methods 
The traditional form of species identification has primarily used morphological characters 
to diagnose species. More recently, molecular techniques have exploited the diversity of 
nucleotide sequences to identify species, an approach that is considered advantageous due 
to the statistical support provided by phylogenetic analyses. The purpose of this chapter 
is to justify the choices of methods made over the duration of the thesis. It will also outline 
the current practices for traditional morphology-based taxonomy as well as contemporary 
molecular techniques, including phylogenetic analyses and divergence time estimation. 
More detailed explanations of the protocols used are presented in the respective chapters . 
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2.1 Morphological classification and taxonomy 
External morphological characters have been traditionally used for describing genera, 
subgenera and species of the Scionini (Coscar6n and Wilkerson 1985; Coscar6n and 
Gonzalez 2001; Coscar6n and Iide 2003; Mackerras 1955, 1957, 1960, 1961, 1964; 
Oldroyd 1947; Wilkerson and Coscar6n 1984). The majority of these workers have not 
found genital characters informative for species-level descriptions and are generally 
unobserved. Consequently, emphasis has been placed on coloration patterns of the body 
and wings, in addition to specimen size, which have primarily been used to delimit and 
identify species. This is exemplified in Mackerras' (1960, p. 106) diagnosis of the 
Australian species Scaptia (Psuedoscione) calabyi Mackerras, 1960, which he described 
as being "a medium-sized, light brown species; with no scutal vittae; light yellowish 
brown legs, femora darkened at most at extreme base; a single, rather faint, darker 
marking on wing; weakly banded abdomen; and striking rich yellow thoracic and 
abdo1ninal hairs. Length 11-13 mm". Coloration is generally accepted as a valid 
morphological character, although care must be taken to distinguish any fading that may 
impede species identification. For instance, the Australian species Scaptia (Plinthina) 
binotata (Latreille, 1812) is considered to be "distinguished from [ Scaptia (Plinthina)] 
divisa by its darker general colour" (Mackerras 1960, p. 135), however, older specimens 
may be subject to fading, becoming "considerably paler in coloration" and may be 
wrongly identified as S. (Pl.) divisa. In such cases, consultation with structural features, 
such as the length and form of the palpi, can provide relief for identification; the pal pi are 
larger and broader in S. (Pl.) binotata than S. (Pl.) divisa (Mackerras 1960) and can 
therefore be distinguished from each other. 
More obvious structural differences in the external morphology are used in the 
classification of the genera and subgenera of the Scionini. These main diagnostic 
characters include the bulging or truncation of the face, palpi length, width and presence 
or absence of a lateral pit, the length and width of the proboscis, and the closure of wing 
cells Rs and M3 (Mackerras 1955, 1960). One of the most reliable morphological 
characters used to diagnose subgenera is the ratio of the frons index, which measures the 
diverging or parallel appearance of the frons in females, and is calculated by dividing the 
length of the vertex to the top of the subcallus by the width of the midlength of the frons 
(Mackerras 19 5 5). These characters are exemplified in the diagnostic features of the 
subgenus Scaptia (Pseudoscione), which is distinguished from other Australian 
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subgenera by the "frons distinctly diverging; proboscis not shorter than one and a half 
times head height; palpi less than half length of shaft, usually pointed and with deep 
lateral concavity, occasionally truncate, sometimes slender" as specified in couplet two 
of Mackerras' (1960, p. 34) diagnostic key to the Australian Scionini. 
Morphological terminology of this thesis will follow the previous work of Mackerras 
(1955, 1957, 1960, et al. 2008). Unfortunately, genitalia will not be examined due to the 
accepted morphological uniformity among most genera and species (Mackerras 1955, 
1960). Specimens will be examined using Zeiss dissecting microscopes (Zeiss, 
Germany). Photographs of type species will be acquired on a BK Plus Lab System 
featuring a P-51 Cam lift and an Infinity Optics K2 Long Distance Microscope (Visionary 
Digital, USA), and compiled using Helicon Focus software (available from 
http://www.heliconsoft.com). All material for examination is sourced from the following 
institutions: 
AM 
ANIC 
BYU 
Australian Museum, Sydney, NSW, Australia 
Australian National Insect Collection at CSIRO Ecosystem Sciences, 
Canberra, ACT, Australia 
Brigham Young University, Utah, USA 
ERM-LUNZ Entomology Research Museum, Lincoln University, Canterbury, New 
Zealand 
GDCD 
MNZ 
NCSU 
NMH 
QDPI 
QM 
UQIC 
USP 
SAM 
SI 
WAM 
Greg Daniels Private Collection, Brisbane, Qld, Australia (now integrated 
into AM and QM) 
Museum of New Zealand Te Papa Tongarewa, Wellington, New Zealand 
North Carolina State University, Raleigh, North Carolina, USA 
The Natural History Museum, London, United Kingdom 
Queensland Department of Primary Industries, Indooroopilly, Qld, 
Australia 
Queensland Museum, Brisbane, Qld, Australia 
University of Queensland Insect Collection, Brisbane, Qld, Australia 
University of Sao Paulo, Ribeirao Preto, Brazil 
South Australian Museum, Adelaide, SA, Australia 
Smithsonian Institute, Suitland, Maryland, USA 
Western Australian Museum, Perth, WA, Australia 
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2.2 Molecular techniques and phylogeny 
The utility of contemporary molecular techniques has been previously demonstrated in 
reconstructing the phylogenetic relationships of the Tabanidae, excluding the Scionini 
(Morita 2008; Wiegmann et al. 2000). Moreover, molecular techniques can quantifiably 
assess traditional morphology-based classification schemes and test the taxonomic 
hypotheses for subfamily, genus and species levels (Morita 2008). Such molecular 
techniques are expected to be useful in overcoming the morphological and taxonomic 
challenges associated with the Scionini. Consultation with the literature has provided 
several candidates for genetic markers that may be useful for reconstructing the 
phylogenetic history of the Scionini, including mitochondrial and nuclear genes. 
2. 2.1 Mitochondrial gene markers 
The rapid mutation rates of mitochondrial genes have recently been exploited for the use 
of species level taxonomy of the Diptera. Cytochrome Oxidase is found in the inner 
mitochondrial membrane and is a key respiratory enzyme for electron transport (Lunt et 
al. 1996). Based on the large size and composition of highly variable and conserved 
regions, many authors have demonstrated the ease and utility of Cytochrome Oxidase 
Subunit One (COI) and/or Subunit Two (COII) for reconstructing the evolutionary history 
of the Tabanidae (Morita 2008; Wiegmann et al. 2011) and other Diptera families, 
including the Acroceridae (Winterton et al. 2007), Agromyzidae (Winkler et al. 2009), 
Chironomidae (Cranston et al. 2010, 2012; Krosch et al. 2011, 2012), Phoridae (Smith 
and Brown 2008), Scepsidae (Laamanen et al. 2005), in addition to the members of the 
superfamilies Hippoboscoidea (Peterson et al. 2007) and Muscoidea (Kutty et al. 2008; 
Lessard et al. 2009; Nelson et al. 2007; Schuehli et al. 2004). Moreover, the popularity 
of COI and COII as phylogenetic markers is attributed to the abundance of available 
universal primers specified in the literature (Lui and Beckenbach 1992; Simon et al. 1994; 
Whiting 2002). 
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2. 2. 2 Nuclear gene markers 
Nuclear protein-coding genes are generally slower to evolve than mitochondrial genes 
and can therefore provide additional phylogenetic signal at higher taxonomic ranks, 
including family, subfamily and genus levels (Morita 2008; Moulton and Wiegmann 
2004; Wiegmann et al. 2011 ). Based on the literature, there appear to be three suitable 
nuclear genes commonly used by Diptera systematists, including CAD, AA TS and 28S. 
The carbamoyl-phosphate synthetase (CPS) domain of carbamoyl-phosphate synthetase-
aspartate transcarbamoylase-dihydroorotase (CAD) gene is responsible for encoding the 
first three enzymatic activities of the de novo pyrimidine biosynthetic pathway (Moulton 
and Wiegmann 2004 ). CAD provides considerate phylogenetic signal at higher 
taxonomic levels because the gene is slowly evolving, ubiquitous and present as a single 
copy compared to mitochondrial genes (Moulton and Wiegmann 2004). Several different 
workers have demonstrated the utility of CAD in resolving the phylogenetic relationships 
of the Tabanidae (Wiegmann et al. 2011; Morita 2008) and other Diptera (Bertone et al. 
2008; Cameron et al. 2007; Wiegmann et al. 2009), including the families Acroceridae 
(Winterton et al. 2007), Agromyzidae (Winkler et al. 2009), Asilidae (Dikow 2009), 
Chironomidae (Cranston et al. 2010, 2012; Krosch et al. 2011), and Phoridae (Smith and 
Brown 2008), in addition to members of the superfamiles Asiloidea (Trautwein et al. 
2010), Empidoidea (Moulton and Wiegmann 2007), Hippoboscoidea (Petersen et al. 
2007) and Muscoidea (Kutty et al. 2008; Schuehli et al. 2004). Subsequently, several 
preexisting primers have been developed for the amplification and sequencing of CAD 
(Moulton and Wiegmann 2004). 
Alanyl-tRNA synthetase (AA TS) is another nuclear protein-coding gene and class of 
aminoacyl-tRNA synthetases that regulates the attachment of the amino acid alanine to 
the 3 '-end of tRNA Ala, in addition to hydrolysing mischarged serine and Gly-tRNAAla 
molecules (Sokabe et al. 2009). Based on the composition of highly variable and 
conserved regions, several workers have found AATS to be phylogenetically informative 
for the Diptera (Dikow 2009; Wiegmann et al. 2009, 2011). Similarly, the 28S ribosomal 
gene contains slowly evolving regions and provides sufficient phylogenetic signal for 
reconstructing subfamily and genus level relationships for the Tabanidae (Wiegmann et 
al. 2000, 2003, 2011) and other Diptera (Bertone et al. 2008; Friedrich and Tautz 1997), 
including the families Acroceridae (Winterton et al. 2007), Asilidae (Dikow 2009), 
Chironomidae (Cranston et al. 201 0; Krosch et al. 2011 ), Phoridae (Smith and Brown 
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2008), Stratiomyidae (Brammer and von Dahlen 2006) and Therevidae (Yang et al. 
2000), in addition to members of the superfamilies Asiloidea (Trautwein et al. 2010), 
Empidoidea (Moulton and Wiegmann 2007), Hippoboscoidea (Petersen et al. 2007) and 
Muscoidea (Kutty et al. 2008). Consequently, several universal primers specific to the 
Diptera are available for the amplification and sequencing of the 28S gene. 
2.3 Phylogenetic analysis 
In modem systematics, phylogenetic analysis is used to reconstruct the evolutionary 
branching patterns of organisms by measuring the degree of genetic variation between 
different taxonomic groups. Phylogenetic analysis can also measure the support of each 
evolutionary branch, providing an objective statement regarding the strength of 
phylogenetic groupings in the fo1m of bootstrap support values (Stamatakis et al. 2008) 
or posterior probabilities (Huelsenbeck and Ronquist 2001, 2003 ). Consultation with the 
literature reveals two commonly accepted methods used to reconstruct phylogenetic 
relationships of taxa, including Bayesian and maximum likelihood methods. A third 
method, Parsimony, is also available but has been criticised as containing methodological 
impediments, such as long branch attraction and exclusion of faster evolving third codon 
positions, which can skew phylogenetic results (Bergsten 2005). Therefore, Parsimony 
will be excluded in the current study. 
2.3.1 Maximum likelihood 
Maximum likelihood incorporates a model of substitution and likelihood ratio tests to 
determine if changes to a particular parameter provide a significant improvement in the 
likelihood of a phylogenetic tree (Huelsenbeck and Crandall 1997). The tree with the best 
score is selected and provided as the most likely phylogenetic relationship (Huelsenbeck 
and Crandall 1997). Previously, maximum likelihood inference was considered to be slow 
due to the "algorithmic complexity and the high-computational cost" of analyses 
(Stamatakis 2006, p. 2688), however, more recent programs such as RAxML have been 
developed with more rapid and reliable bootst~apping methods for maximum likelihood 
inference of molecular data (Stamatakis et al. 2008). Maximum likelihood based analyses 
have been useful in resolving the phylogenetic relationships of the Tabanidae (Morita 
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2008; Wiegmann et al. 2000) and other Diptera (Bertone et al. 2008; Cameron et al. 2007; 
Cranston et al. 2010, 2012; Krosch et al. 2011; Moulton and Wiegmann 2007; Wiegmann 
et al. 2003, 2011; Winkler et al. 2009), and will therefore be employed in this study. 
2.3.2 Bayesian inference 
As an alternative to maximum likelihood, Bayesian inference is used to provide the most 
statistically supported phylogenetic tree by incorporating posterior probabilities 
(Huelsenbeck and Ronquist 2001 ). The commonly used program Mr Bayes performs 
Bayesian inference using the Markov chain Monte Carlo (MCMC) to approximate the 
posterior probabilities using a dataset that can contain both molecular and morphological 
data (Huelsenbeck and Ronquist 2001 ). An advantage of Bayesian inference is that 
datasets containing multiple markers can be partitioned into subsets (such as independent 
genes) and analysed under various evolutionary models (Ronquist and Huelsenbeck 
2003). Bayesian inference of multiple genetic markers has been used by several workers 
studying the evolutionary relationships of the Tabanidae (Morita 2008; Wiegmann et al. 
2003) and other Diptera (Bertone et al. 2008; Brammer and von Dohlen 2007; Cameron 
et al. 2007; Cranston et al. 2010, 2012; Krosch et al. 2011, 2012; Lessard et al. 2009; 
Moulton and Wiegmann 2007; Petersen et al. 2007; Wiegmann et al. 2011; Winkler et 
al. 2009; Winterton et al. 2007). Bayesian inference is useful not only for assessing 
taxonomic relationships of organisms, but can also be used to estimate divergence times 
of lineages. 
2.4 BEAST and divergence time estimation 
Bayesian Evolutionary Analysis Sampling Trees (BEAST) is a widely used statistical 
program that estimates divergence times of lineages by combining a dataset, usually in 
the form of molecular data, with temporal information, such as fossil data, to provide a 
statistically supported time-calibrated phylogenetic tree (Drummond and Rambaut 2007). 
Similar to MrBayes, BEAST uses Bayesian inference with the MCMC to reconstruct 
phylogenetic histories by integrating a large number of evolutionary models in the 
analysis, including substitution models, relaxed clock models and node calibration 
models like distribution priors (Drummond and Rambaut 2007). A major advantage of 
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BEAST analyses is that the phylogeny can be time-calibrated by fixing the age of a node 
with the known age of a corresponding fossil, provided that the fossil taxon represents 
the actual common ancestor to that node (Ho and Phillips 2009). The program has been 
used to provide insights into the temporal diversification of the N europterida (Winterton 
et al. 2010) and the Diptera families Agromyzidae (Winkler et al. 2009) and 
Chironomidae (Cranston et al. 2010, 2012; Krosch et al. 2012). 
There are several unique priors that allow BEAST analyses to effectively date the ages of 
lineage in a phylogenetic analysis. According to Drummond and Rambault (2009), the 
relaxed molecular clock model is one of the most promising recent advances in molecular 
phylogenetics because it does not assume a constant rate across a lineage. Instead, it 
assumes independent rates of evolution on different branches, allowing rates to change 
over time so that closer related lineages may have similar rates of mutation (Drummond 
et al. 2006, 2007; Ho and Phillips 2009). Furthermore, BEAST allows users to partition 
the molecular clock models in the analysis so that mitochondrial and nuclear DNA can 
be given different rates of evolution (Drummond et al. 2007), which is more biologically 
accurate. Relaxed clock models have been used by previous researchers investigating the 
temporal diversification of the Diptera (Cranston et al. 2010, 2012; Krosch et al. 2011, 
2012; Winkler et al. 2009). The Yule tree prior also assumes a constant speciation rate 
per lineage and is recommended for species-level phylogenies (Drummond et al. 2007), 
and has also been used by multiple researches reconstructing the diversification events of 
the Diptera (Cranston et al. 2010, 2012; Krosch et al. 2011, 2012; Winkler et al. 2009). 
BEAST can also take into account the uncertainty of fossil age with the use of distribution 
priors, which can assign the highest probability for the nodal age to be somewhat older 
than the oldest fossil (Ho and Phillips 2007). Soft bound distribution priors are 
advantageous, as they allow the molecular data to overcome poor fossil calibrations and 
improve the accuracy of the time-calibrated phylogeny (Ho and Phillips 2009). The 
effectiveness of soft bound distribution priors has been demonstrated in previous 
temporal studies of the Diptera (Krosch et al. 2011; Winkler et al. 2009). Normal 
distributions are a form of soft bound prior and have a symmetric bidirectional shape, 
allowing the fossil constraint to be slightly older or younger than the specified nodal age 
and can account for any uncertainty in the placement of the fossil (Ho and Philips 2009). 
In the case of the Tabanidae fossil Eotanoid lordi, a normal distribution prior of mean 
142 MY (SD= 1) would be appropriate for the fossil age of 144-140 MY (Mostovski et 
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al. 2003; Zhang 2012), allowing the constrained node to stray somewhat from the mean 
nodal age of 142 MY. 
2.5 Conclusions 
Traditional morphological characters will be employed to diagnose and describe all new 
taxa provided in this thesis. This will allow for easier comparisons of the new material 
with previously described taxa. Conferring with the literature has provided several 
promising molecular markers that may be useful in reconstructing the phylogenetic 
relationships of the Scionini, including several mitochondrial (COI and COII) and nuclear 
(AATS, CAD and 28S) genes. Furthermore, the availability of several universal primers 
is expected to aid in the prompt amplification and sequencing of those gene regions. 
Maximum likelihood, Bayesian inference and BEAST analysis are com1nonly practiced 
methods in the field of dipteran systematics and will be employed in this study to provide 
statistically independent hypotheses for the phylogenetic relationships and evolution of 
the Scionini. 
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New species of the Australian horse fly subgenus Scaptia (Plinthina) 
Walker 1850 (Diptera: Tabanidae), including species descriptions 
and a revised key 
Bryan D Lessard1·2* and David K Yeates1 
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2Research School of Biology, Australian National University, Canberra, ACT 0200, Australia. 
Abstract Horse flies (Diptera: Tabanidae) are recognised for their medical and veterinary importance, but they 
also have an important role in pollination. The genus Scaptia Walker 1850 contains more than 100 
species and comprises seven subgenera with an exclusively southern distribution from Australia, New 
Zealand, New Guinea and South America. Five new Australian species are described in the subgenus 
Plinthina, which previously comprised only seven species, and an existing key is modified to include the 
new species, all of which are diagnosed and figured. The new species are: S. (Plinthina) amhemensis 
sp.n. Lessard, S. (Plinthina) aurifulga sp.n. Lessard, S. (Plinthina) beyonceae sp.n. Lessard, S. (Plinthina) 
nelsonae sp.n. Lessard and S. (Plinthina) nigripuncta sp.n. Lessard. 
Key words Pangoniinae, Plinthina, Scaptia, Tabanidae, taxonomy. 
INTRODUCTION 
Almost 4400 species of horse flies have been described 
(Evenhuis et al. 2009) from all biogeographic regions of the 
world. They are one of the most readily recognised families 
of Diptera, commonly being considered major pests to both 
humans and livestock (Mullens 2009). Horse flies are sexu-
ally dimorphic in feeding habits as the males feed exclu-
sively on the nectar of flowers, whereas the majority of 
females act primarily as blood feeders. Some females, such 
as those belonging to the Australian Scaptia (Pseudoscione) 
,naculiventris (Westwood, 1835), alternate between flower 
and blood feeding (Mackerras 1960). Adults are quite 
remarkable and important pollinators (Johnson & Morita 
2006; Morita 2008), especially for the Australian flora; Gre-
villea, Melaleuca, Leptospennum and other My11aceae are all 
favoured by horse flies for feeding, consequently leading to 
their pollination (Mackerras 1960). 
Horse flies can also act as intermediate hosts and mechani-
cal vectors for microorganisms responsible for human diseases 
such as loiasis, tularaemia and even anthrax (Krinsky 1976; 
Foil 1989). They can also directly infect domestic animals like 
cattle to cause diseases such as anaplasmosis (Scoles et al. 
2008) and bovine leukaemia virus (Foil et al. 1988), as well as 
equine infectious anaemia in horses (Foil et al. 1984). In Aus-
tralia, horse flies cause diseases in members of the kangaroo 
family (Macropodidae), including trypanosomiases (Reid 
et al. 2001) and infections of the filarial nematode Pelecitus 
roemeri. Infections of the latter invade the subcutaneous and 
*bryan.lessard@csiro.au 
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intermuscular connective tissues of the animal that can even-
tually lead to macroscopic lesions (Spratt 1972a,b, 1974a,b, 
1975). Spratt has demonstrated that several horse fly species of 
Dasybasis Macquart 1847 and Tabanus Linnaeus 1758 com-
monly host and transmit P roemeri. 
The taxonomy of Australian horse flies is remarkably 
mature, with all but one genus (Dasybasis) being revised at 
species level in the past 60 years. The general lack of definitive 
characters in the genitalia below a tribal level (Mackerras 
19 54) means that considerable emphasis has been placed 
on chaetotaxy and subtle colouration patterns of the body 
for species level taxonomy (Mackerras 1960). Uses of subtle 
colour variation is challenging because colours can be modi-
fied by collection and preservation techniques , and fade or 
degrade over time (Mackerras et al. 2008; Morita 2008). 
Mackerras (1954) revolutionised the classification of the 
Tabanidae by using male and fem ale genital characters to 
establish a classification of tribes and subfamilies that is still 
valid and in use today: Pangoniinae (Pangoniini, Scionini 
and Philolichini) , Chrysopsinae (Bouvieromyiini, Chrysopini 
and Rhinomyzini), Tabaninae (Diachlorini, Haematopotini 
and Tabanini) and the Scepsidinae. Furthermore, the mono-
phyly of Tabanidae is well supported by both molecular 
(Wiegmann et al. 2000; Morita 2008) and morphological 
evidence (Mackerras 1954; Yeates 2002). 
There are three tribes within the subfamily Pangoniinae: 
Pangoniini (Palaearctic, Nearctic, Neotropical and Austra-
lasian in distribution) , Philolichini (Afrotropical, Oriental 
and Australasian) and Scionini (Nearctic, Neotropical and 
Australasian) (Mackerras 1955). The tribe Scionini currently 
consists of six genera as follows: Caenopangonia Kroeber 
1930, Fidena Walker 1850, Goniops Aldrich 1892, Pityocera 
doi: 10.1111/j .1440-6055.2011.00809 .x 
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Giglio-Tos 1896, Scione Walker 1850, and the most species-
rich genus Scaptia Walker 1850. 
Scaptia are usually stout, tomentose and hairy, with a more 
slender proboscis than other Australian Tabanidae (Mackerras 
1960). The genus has an exclusively southern hemisphere dis-
tribution as it occurs predominantly in Australia, as well 
as New Zealand, Papua New Guinea and South America 
(Mackerras 1957; Coscar6n & Wilkerson 1985; Daniels 1989; 
Coscar6n & Gonzalez 2001; Coscar6n & Iide 2003; Mackerras 
1960; Wilkerson & Coscar6n 1984 ). Seven subgenera have 
been described and applied to Scaptia, being S. (Lepmia) 
Fairchild 1969, S. (Pseudomelpia) Enderlein 1922, S. (Myios-
captia) Mackerras 1955, S. (Palimmecomyia) Taylor 1917, S. 
(Plinthina) Walker 1850, S. (Pseudoscione) Lutz, Araujo & 
Fonseca 1918, and S. (Scaptia) Walker 1850, with the latter 
five occurring in Australia. Although most Australian Scaptia 
species have been described, five new species of subgenus 
Plinthina have accumulated in Australian collections since 
Mackerras' 1960 revision. Moreover, these species signifi-
cantly extend the known distribution of Scaptia into the North-
ern Territory and north-western Australia where they were 
previously thought absent. Here we describe and illustrate 
these species to double the known size of the subgenus, as well 
as modifying Mackerras' s original key to accommodate all 
known species of S. (Plinthina). 
MATERIALS AND METHODS 
Morphological terminology follows Mackerras et al. (2008), 
except for frons index which follows Mackerras (1955). Speci-
mens were examined using Zeiss dissecting microscopes. Pho-
tographs were acquired on a Leica M205C microscope using a 
Leica DF500 camera and Leica Application Suite 3.4.0 soft-
ware. All material is sourced from the Australian National 
Insect Collection (ANIC) at CSIRO Ecosystem Sciences, 
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Fig. 1. The distribution of Scaptia 
( Plinthina) species described in this 
paper, noting the first records of Scaptia 
from the Northern Territory and north-
western Australia. NSW, New South 
Wales; NT, Northern Territory; Qld, 
Queensland; SA, South Australia; Tas, 
Tasmania; Vic, Victoria; WA, Western 
Australia. Background data: Geoscience 
Australia - Global Map Australia IM 
2001 , Copyright Commonwealth of 
Australia. 
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Canberra, ACT, unless otherwise stated. Collection localities 
are displayed in Figure 1. 
A list of abbreviations is as follows: 
NT 
Qld 
QDPI 
QM 
UQIC 
WA 
Northern Territory 
Queensland 
Queensland Department of Primary Industries, 
Indooroopilly, Australia 
Queensland Museum, Brisbane, Australia 
Universi_ty of Queensland Insect Collection, 
Brisbane, Australia 
Western Australia 
DESCRIPTIONS 
Subgenus Plinthina Walker 
Plinthina Walker, 1850, p. 10; Ferguson 1924, pp. 253, 256, 
1926, p. 299; Mackerras 1955, p. 497. O1iginally monotypic 
for Pangonia macroporum Macquart, 1838 (= Pangonia bino-
tata Latreille, 1812), Kangaroo Island, South Australia. 
Diagnosis. The subgeneric diagnosis for S. ( Plinthina) pro-
vided by Mackerras (1960) is as follows: Female. Medium-
sized (10-14 mm) species, of normal habitus and tomentose 
patterns, but with the wings usually distinctively marbled, the 
centres of the cells being darker than along the veins. Frons 
parallel or slightly diverging. Face moderately projecting, but 
tnmcate, proboscis less than one and a quarter times the head 
height, moderately slender, with relatively small, firm labella. 
Palpi very short; second segment little, if at all, longer than 
first, usually thick, rounded apically, and with a large lateral 
concavity. Wing with cell Rs closed, and often long-petiolate; 
cell M3 open. Eighth sternite often unusually large, fused with 
lateral edge of ninth tergite. The two halves of the 10th tergite 
also tend to fuse with each other and with the ninth, evidently 
a further expression of a need for rigidity in these parts. 
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Male. Palpi short, slender, cylindrical, obliquely truncate 
at tip, and with a lateral bare area distally. Hypopygium 
with aedeagus long; coxite thick and often rigid; style wide, 
strongly hooked and pointed at tip, and with a zone of con-
spicuous , short, thick hairs about middle. 
Revised key t o fema les of Austral ian spe ci es o f 
Scaptia (Plinthina) 
1. Wings clear or with inconspicuous marbling; stigma 
subtle; dorsocentral lines on scutum subtle, not greatly 
contrasting (Figs 2,3,6,7) ................................... 2 
Wings dark brown or grey, or with obvious marbling; 
stigma obvious; dorsocentral lines on scutum promi-
nent, contrasting (Figs 4,5) . . ....... . ...................... 5 
2. Palpi thick, with deep lateral concavity (fig. 172; 
Mackenas 1960); a grey species, with reddish to 
dark brown markings; frons creamy white. Eastern 
Australia ...... . ............. . .. . ......... vertebrata (Bigot) 
Palpi flattened, with shallow lateral concavity 
(Fig. 2); golden yellowish brown species; frons brown. 
Queensland, Northern Territory or northern Western 
Australia ....................................................... 3 
3. Frans di verging; beard cream (Fig. 7); abdominal 
markings vague, venter with well-defined black spots. 
South-east Queensland ..... nigripuncta Lessard, sp.n. 
Frans parallel; beard brown (Figs 2,6); abdomen 
4. 
5. 
6. 
7. 
8. 
somewhat banded. Northern Australia .... . .......... ... 4 
Abdomen and venter light golden brown, rotund 
(Figs 2,3) ... .. . ......... . .... . arnhemensis Lessard, sp.n. 
Abdomen and venter dark brown to black, elongated 
(Fig . 6) .... ........................ . nelsonae Lessard, sp.n. 
Petiole of cell R5 long; palpi small, less than one-third 
length of proboscis shaft (figs 169-171; Mackenas 
1960) . .... .................. .. .. . . .. . . ........... . ............ . . 6 
Petiole of cell R5 short; palpi relatively large, greater 
or equal to one-third length of proboscis shaft 
(figs 166-168; Mackenas 1960) ..... ..................... 8 
Palpi pointed, flat with shallow lateral concavity; a 
black species, with inconspicuous dorsocentral lines on 
scutum, and anepisternum hairs predominantly black. 
Western Australia ....................... cine re a (Ricardo) 
Palpi obtuse, thick with deeper lateral concavity; 
not such dark species , with prominent dorsocentral 
lines on scutum, and anepisternum hairs predominantly 
pale ... ... .. ... ...... .... . . ... . .... . ............................. 7 
Abdomen shining black, with black and ashy hairs. 
Western Australia .. . ... .. .......... subcinerea Mackenas 
Abdomen with first and second tergites brown, remain-
der darker, often with indications of a median brown 
vitta and paler apical bands. Eastern and Western 
Australia ................................ clelandi (Ferguson) 
Palpi flat , pointed (fig . 168; Mackenas 1960); an 
entirely black species , beard largely black. New South 
Wales . .. .. ... ......................... . nigerrima Mackenas 
Palpi thick, obtuse (Figs 4,5); not such a dark species 
with abdomen at most dark brown. Queensland and 
Western Australia ... . ........................................ 9 
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Tibiae completely pale cream to white (Figs 4,5) ; 
abdomen with distinct yellow or golden markings; 
beard black or brownish . ............. . .......... . ......... 10 
Tibiae brown; abdomen without such markings; beard 
white ... . . ... . . . ....... . .... . .. . .... . .. . . . .... . ..... . . ... . . . . . . 11 
10. Palpi small, less than one-third the length of proboscis 
shaft (Fig. 4); abdomen with pale yellow lateral stripe 
tapering apically; femora pale yellow to cream on 
apical third or more ..... . . . ..... aurifulga Lessard, sp.n. 
Palpi large, greater than or equal to one-third the length 
of proboscis shaft (Fig. 5); apical tergites and hairs 
distinctly golden yellow; femora entirely dark brown to 
black. .......................... . . . beyonceae Lessard, sp.n. 
11. Frans white; scutum with sublateral area dark in 
colour, prominent, dorsocentral lines pale, con-
spicuous; abdomen blackish. South and Western 
Australia ..... . ............ . ............. . binotata (Latreille) 
12. Frans brown; colour of scutum mostly uniform, 
dorsocentral lines dull, inconspicuous; abdomen dark 
red-brown. Western Australia . . ...... . .. . divisa (Walker) 
Scaptia (Plinthina) arnhemensis Lessard, sp.n. 
(Figs 2,3) 
Type material. Holotype female, N.E. NT, Arnhem Land, 
12°23'15"S 136°36'01"E, 16-27 August 2007, D . Yeates, C. 
Manchester and S. Winterton (ANIC). Paratype females (6) 
same data as for Holotype; Paratype females (2), N.E. NT 
Arnhem Land, Mosquito Creek area, vegetated sand dunes and 
vine thicket, 12°25'43"S 136°49'55"E, 19-22August 2007, D. 
Yeates and C. Manchester; the following Paratype females 
have the same data as Holotype but with differing coordinates: 
1 female 12°23 '02"S 136°37' 42"E; 1 female l2°23'20"S 
136°39'34"E; 2 females l2°23'll"S 136°37'19''E; 3 females 
l2°15'40"S 136°48'53 °E; 4 females 12°16'59"S 136°47'09"E; 
18 females l2°20'23"S 136°53'13''E. Paratype male (1), same 
data as Holotype; Paratype males (2) same data as Holotype 
but with coordinates l2°16'59"S 136°47'09"E and l2°20'23"S 
136°53'13"E. 
Other ,naterial examined. NT: 1 female, GulkulaArnbem Bay 
turnoff via Gove, 15 August 2002, G. Bellis; 1 female , Border 
Waterhole 15 km W Musselbrook Resource Centre, Lawn Hill 
National Park, l8 °36'44"S 137°59'30"E, 2 May 1996, G. 
Daniels and M .A. Schneider (UQIC # 97454); Qld: Mussel-
brook Creek, 19 km NE of Musselbrook Resource Centre 
Lawn Hill National Park, 18°29'59 11S 138°17'0l"E, 11, May 
1995, G. Daniels and M.A. Schneider (UQIC # 97453); WA: 2 
males, Morgan Falls , 15.02°S 126.40°E, 16-17 August 1975, 
I.F.B. Common and M.S. Upton. 
Diagnosis. A small golden brown species (length 9-12 mm) 
with relatively long and extensively flattened palpi. Wings 
light grey, superficially clear similar to S. (Pl.) vertebrata, but 
with extremely inconspicuous marbling having a subtle pale 
edge on the posterior margin of median vein; short petiole to 
cell R5• Distinguished from S. (Pl.) vertebrata by larger palpi, 
absence of vittae on abdomen and brown frons. 
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Fig. 2. Scaptia (Plinthina) arnhemensis Lessard, sp.n. holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
Female. Length 9-12 mm. Head. Dense golden brown hairs. 
Frons parallel, slightly diverging, index 2.8, with dark brown 
tomentum. Frans brown, divided into two by paler golden 
brown areas meeting at median callus; ocellar tubercle slightly 
raised and greyish, hairs dark brown-black. Subcallus, para-
facials and face dark brown with dark brown tomentum. 
Antennae. Scape and pedicle fawn, with dark brown-black 
hairs; flagellum yellowish brown. Palpi. First segment yellow-
ish brown with long black hairs; second segment greatly flat-
tened and extensively shallow bare area, consistent yellowish 
brown, and less rounded and more tapered shape, marginal 
© 2011 The Authors 
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hairs short black. Beard pale brown with dense black hairs 
towards lower margin of parafacials. Thorax. Scutum golden 
brown, with evanescent greyish brown median and dorsocen-
tral vittae, dorsocentral panels darker brown, lateral mar-
gins greyish brown; hairs on disc black, white on pronotum. 
Scutellum pale yellowish brown to cream, hairs black on 
median and anterior margin, yellow to cream on apical and 
lateral margins; supra- and post-alar tufts conspicuous mixed 
pale cream-brown and black. Pleura golden brown to grey, 
anepisternum hairs predominantly black on dorsum and mixed 
pale cream to yellowish brown and black posterodorsally, 
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Fig. 3. Scaptia (Plinthina) arnhemensis Lessard, sp.n. para.type male: (a) dorsum; (b) side; (c) front; (d) profile. 
propleural tuft black, mixed yellow-cream and black on 
katepisternum, mostly yellow-cream elsewhere. Legs. Coxa, 
femora and tarsomeres pale yellowish brown; femora with 
mixed cream and dark brown hairs, other segments with pre-
dominantly dark brown hairs, with short golden brown hairs 
on ventral surface of all tarsomeres. Wings. Lightly grey 
without conspicuous darker patterns, marbling extremely 
subtle, with an evanescent pale edge occurring on the posterior 
length of median vein; stigma subtle, yellowish brown; veins 
yellowish brown; R4 angulate, with or without appendix; cell 
Rs closed, short-petiolate. Abdomen. Golden brown without 
median vittae, tomentose, with moderately wide darker brown 
bands at base of tergites, widening slightly laterally; disc hairs 
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on first tergite pale cream-yellow with black median, black on 
second tergite onwards, densest on darker basal bands, hairs 
of lateral margins alternating with black basal tufts and pale 
yellow-cream apical tufts, sparse. Venter. Uniformly pale 
yellowish brown to cream; hairs predominantly pale yellow-
cream, with occasional black hairs, often sparse. 
Male. Smaller (length 9 mm) and hairier than female. Eyes 
with upper facets enlarged, reddish brown (pinned), contrast-
ing with small lower and posterior facets !hat are darker 
brown. Palpi yellowish brown, rod-like, with small apical 
dorsal pit with long black hairs. Ocellar tubercle conspicu-
ously raised, slightly grey to dark brown-black, hairs black. 
© 2011 The Authors 
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Fig. 4. Scaptia (Plinthina) aurifulga Lessard, sp.n. holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
Distribution. Arnhem Land, N .E. NT, and the Kimberley 
region of WA, apparently absent from intervening populated 
areas such as Darwin (Fig. 1). This species significantly 
extends the known distribution of Scaptia into the Northern 
Territory and north-western Australia where it was previously 
thought absent. 
Etymology. The specific epithet refers to the type locality. 
© 2011 The Authors 
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Scaptia (Plinthina) aurifulga Lessard, sp.n. (Fig. 4) 
Type material. Holotype female, N.E. Qld, Davies Creek, 
Nov, D.H. Colless (ANIC). 
Diagnosis. A dark brown species (length 11 mm) with 
short, rounded and flattened palpi, wings inconspicuously 
marbled superficially similar to S. ( Pl.) divisa, with strong 
stigma and medium petiole to cell Rs. Legs with pale cream to 
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white tibiae and first tarsomeres , contrasting to dark brown 
femora that are uniquely pale cream to white on posterior 
third . Distinguished from all other members of S. (Plinthina) 
by a conspicuous tapered pale yellow stripe on lateral margins 
of abdomen. 
Female. Length 11 mm. Head. Eyes with dense brown 
hairs. Frons parallel, index 3.8 , dark brown with obvious wide 
grey zones along eye margins, broadening at ocellar tubercle; 
hairs dark brown and sparse; ocellar tubercle slightly raised, 
greyish brown with hairs black. Subcallus dark brown, with 
grey zones along eye margins and base of antennae; face and 
parafacials shiny dark brown, parafacials grey towards eye 
margins, hairs dark brown. Antennae. Scape and pedicel grey 
to yellowish brown with long black hairs; flagellum uniformly 
yellowish brown. Palpi. First segment predominantly dark 
brown, hair long black; second dark brown at base and 
margins, lighter in extensive shallow bare area, marginal hairs 
short black. Beard mixed cream and brown, with dense black 
hairs at lower margins of parafacials. Thorax. Scutum shining 
rich brown, greyish brown median line, dorsocentral lines and 
suture line, as well as pronounced greyish lateral areas; disc 
hairs black, creamy white on pronotal lobes, pale yellow on 
median zone in front of scutellum, supra-alar tuft mixed with 
conspicuous pale yellow and black hair, post-alar tuft dense, 
conspicuous and pale yellow. Scutellum brown, more yellow-
ish towards posterior margin, hairs pale yellow and long. 
Pleura greyish brown; hairs predominantly black on anepister-
num, pale yellow on propleuron, pale yellow dorsally and 
black ventrally on katepistemum, and long pale yellow on 
katatergite. Legs. Coxa dark brown with hairs mixed black and 
pale yellow on fore and mid coxa, and pale yellow on hind 
coxa. Femora dark brown basally and pale cream to white on 
posterior third or more; hairs predominantly black, with pale 
yellow dorsal hairs on mid and hind femora; tibiae and first 
tarsomere pale cream to white, contrasting to base of femora, 
hairs pale cream to white, fore tibiae and tarsomere slightly 
darker than mid and hind tarsomeres, all with black hairs , 
remainder of tarsomeres yellowish brown, darkening at tarsi 
with dark brown hairs. Wings. Dark brown, marbling incon-
spicuous with pale edges present on the costal, cubitus, R 1 and 
medial veins, and posteriorly on Ri below stigma; stigma dark 
brown, conspicuous ; veins brown; R.., angulate without appen-
dix ; petiole to cell Rs short. Abdomen. Shining dark brown, 
distinguished from all other members of the subgenus by a 
striking pale yellow lateral margin stripe beginning broadly on 
tergite 2 and extending to tergite 4 where it tapers; disc hairs 
pale yellow on tergite 1 and on pale yellow lateral stripe, black 
elsewhere, hairs on lateral margin pale yellow on lateral stripe 
and on tuft of tergite 5, black on apical tergites , lack of golden 
tomentum on apical tergites. Venter. Shining, pale yellow on 
sternite 1, basal margin of sternite 2, and on lateral margins of 
sternite 2-4 that form stripe on lateral margins , all with disc 
hairs pale yellow ; remainder of sternites brown with disc hairs 
black. 
Distribution. Known only from Davies Creek, Qld (Fig. 1). 
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Etymology. This specific epithet derives from the Latin for 
golden yellow lightning and refers to the striking lateral band 
present on the abdomen. 
Scaptia (Plinthina) beyonceae Lessard, sp.n. 
(Fig. 5) 
Type material. Holotype female, Qld, Mount Haig 21 km 
N.E.E. of Atherton, Nov, 1981, D.H. Colless (ANIC). Paratype 
female (1) Qld, 20 km S.E. of Mareeba, Nov, 1981, D.H. 
Colless; Paratype female (1), Qld, Mount Spec, 15.55S 
146.09E, 880 m, 4 November-1 December 1995, M. Cermak. 
Other material examined. N Qld: 1 female, 16 km up 
Davies Creek Road, Mareeba, 2.xii.1984-7.i.1985, Storey and 
Titmarsh (QDPI). 
Diagnosis. A small brown species (length 9 mm), distin-
guished from all other members of S. (Plinthina) by its larger 
more rounded, broad flattened palpi, conspicuous golden 
tomentum on tergite four onwards. Legs superficially similar 
to S. (Pl.) aurifulga, but with distinct femora that are almost 
entirely brown. Wings brownish grey and inconspicuously 
marbled, superficially similar to S. (Pl.) divisa, with pale edges 
occurring on medial vein and above stigma on Ri; short petiole 
to Rs. 
Female. Length 9 mm. Head. Eyes with dense brown hairs. 
Frons parallel, slightly diverging, index 3, dark brown, most 
intense near centre, with greyish brown zone along both sides 
of ocellar tubercle, hairs dark brown; ocellar tubercle slightly 
raised, dark brown to greyish, hairs black. Subcallus dark 
brown at centre, greyish towards eye margins and base of 
antennae; parafacials and face brown to greyish, with dark 
brown hairs. Antennae. Scape and pedicel greyish brown, 
with long black hairs; flagellum pale yellow brown, darkest at 
tip and base. Palpi. First segment brown, with long black 
hairs; second larger, flat and rounded, extensive shallow bare 
area dark brown, marginal hairs short black. Beard predomi-
nantly dark greyish brown with black hairs at lower margins 
of parafacials. Thorax. Scutum and scutellum uniformly 
brown, sublateral areas relatively wide and not sharply dif-
ferentiated from more greyish brown lateral areas, dorsocen-
tral lines and evanescent median line greyish white and 
relatively narrow, dorsocentral lines wider and paler near 
anterior margin and at suture; scutum hairs dark brown to 
black on disc, greyish white on pronotal lobe, supra- and 
post-alar tufts mixed creamy white and black; scutellum hairs 
mixed black and cream. Pleura brown, with black hairs on 
katepistemum, predominantly black with mixed cream to 
light brown on anepistemum, katatergite hairs dark brown 
anteriorly, long cream posteriorly, black elsewhere. Legs. 
Coxae brown with predominantly dark brown to black 
hairs; femora almost completely brown, with predominantly 
.black hairs, femora contrasting to distinguishable pale cream 
to white tarsi and first tarsomeres with hairs pale cream to 
white, remainder of tarsomeres brown, darkening at tarsi, 
hairs black. Wings. Brownish grey, marbling inconspicuous, 
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Fig. 5. Scaptia (Plinthina) beyonceae Lessard, sp.n. holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
with pale edges only occurring on medial vein and base of R4; 
stigma prominent dark brown; veins brown; R4 angulate 
without appendix; petiole to cell Rs short. Abdomen. Shiny, 
first three tergites dark brown to black, hair black on disc, 
white on lateral margins of tergite 1 and apical margin of 
tergite 2, tergites 4 onward distinctly gold, hairs dense, 
golden. Venter. Dark brown to black, with relatively wide 
golden brown bands at apical margins of stemites; hairs pre-
dominantly black, white towards centre and lateral margins of 
sternite 2. 
Remarks. The Davies Creek specimen appears to be slightly 
darker and hairier overall, but otherwise similar. This is most 
likely due to fading or intraspecific variation. 
© 2011 The Authors 
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Distribution. N.E. Qld from Mount Haig to Mareeba (Fig. 1). 
Etymology. This specific epithet is in honour of the performer 
Beyonce. 
Scaptia (Plinthina) nelsonae Lessard, sp.n. (Fig. 6) 
Type material. Holotype female, WA, Morgan Falls, 15.02S 
126.40E, 16-17 August 1975, I.F.B. Common and M.S. Upton 
(ANIC). 
Diagnosis. A small dark brown species (length 11 mm), 
superficially similar to S. (Pl.) arnhemensis but distinguished 
by its black abdomen and venter, with relatively long, narrow 
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Fig. 6. Scaptia (Plinthina) nelsonae Lessard, sp.n. holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
pointed palpi that are distinct from other members of the 
subgenus. 
Female. Length 11 mm. Head. Eyes with dense brown hairs . 
Frons parallel, index 2.7, brown with lighter fawn around eye 
margins, tomentum brown; ocellar tubercle raised, blackish 
grey with dark brown hairs. Subcallus and face brown, parafa-
cials greyish brown with fawn along eye margins , face and 
parafacials with dark brown hairs . Antennae. Scape and 
pedicel fawn with dark brown hairs ; flagellum consistent 
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yellowish brown. Palpi first segment yellowish brown with 
long dark brown hairs; second yellowish brown, relatively 
long, pointed at the tip being the narrowest for the subgenus, 
marginal hairs short black. Beard cream to light brown, with 
dark brown hairs at lower margins of parafacials. Thorax. 
Scutum brown, with pale greyish brown evanescent vittae on 
median and dorsocentral lines , more greyish towards lateral 
margins; hairs on disc brown, fairly long, white on pronotum, 
supra-alar tuft mixed cream and dark brown, post-alar tuft 
cream anteriorly and dark brown posteriorly. Pleura greyish 
© 2011 The Authors 
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brown; hairs predominantly cream, with mixed cream and dark 
brown tufts on anepistemum and dark brown hairs ventrally on 
katepisternum. Legs. Fore and mid coxa greyish brown, hind 
coxa black; fore and mid legs light brown, darker brown in 
hind legs; femora hairs mostly cream to light yellowish brown 
and long, with shorter black hairs posterodorsally, hairs short 
and densely black dorsally on tibia and tarsomeres, golden 
brown ventrally. Wings. Light grey with less noticeable mar-
bling, pale edges most pronounced around discal cell and 
median vein; stigma less prominent, yellowish brown; veins 
brown; R4 angulate with short appendix; cell Rs short-petiolate. 
Abdomen. Slightly elongated and narrow, mainly black 
with brown intrusions; disc hairs black medially and blonde 
towards lateral margins on tergite 1, black on tergites 2 
onward, with short blonde hairs on apical margins, lateral 
margins mixed blonde and black. Venter black with brown 
intrusions, hairs mostly blonde, black on apical sternites. 
Distribution. Known only from the holotype from the 
Kimberley, Western Australia (Fig. 1). This species also 
significantly extends the known distribution of Scaptia into 
north-western Australia. 
Etymology. This specific epithet is in honour of Dr Leigh 
Nelson for her contribution to Dipterology. 
Scaptia (Plinthina) nigripuncta Lessard, sp.n. 
(Fig. 7) 
Type material. Holotype female, S.E. Qld, Lamington 
National Park, 28.234°S 153.141 °E, 14-24 January 2007, C. 
Lambkin and N. Starick (QM #Tl65588) (ANIC). Paratype 
female (1) Lamington National Park, Qld, 28.192°S 
153.124°E, 14-24 January 2007, C. Lambkin and N. Starick 
(QM #Tl65589); Paratype female (1) Lamington National 
Park, Qld, 28.227°S 153.131 °E, 14-24 January 2007, C. 
Lambkin and N. Starick (QM #Tl65590). 
Other material examined. SE Qld: 3 females Mount Glorious, 
Hiller Property, 27°20'5 152°46'E, 12.xii.1998-28.i.1999, N. 
Power (QM). 
Diagnosis. A small golden yellow-brown species (length 
9-11) similar to S. (Pl.) arnhemensis, but distinguished by its 
cream beard, diverging frons, shorter more rounded palpi, dark 
brownish grey wings, petiole to cell Rs extremely short, vague 
abdominal markings, and venter with lateral rows of black 
markings. 
Female. Length 9-11 mm. Head. Eyes with dense golden 
brown hairs. Frons diverging, index 3.3, with dark brown 
tomentum. Frons lighter golden brown and without being 
divided into darker zones; ocellar tubercle slightly raised, dark 
brown with black hairs. Subcallus, parafacials and face golden 
brown with short brown hairs. Antennae. Scape and pedestal 
fawn with black hairs; flagellum yellowish brown. Palpi. First 
segment golden brown with long black hairs; second seg-
ment yellowish brown, extensively flattened, smaller, slightly 
rounded and less tapered; marginal hairs sparse short black. 
© 2011 The Authors 
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Beard cream, black hairs at lower margins of parafacials. 
Thorax. Scutum golden yellowish brown, with darker greyish 
brown vittae on dorsocentral lines, lateral margins and trans-
verse suture, with dorsocentral panels light golden brown; disc 
hairs mixed with short golden brown and longer black hairs, 
supra-alar tuft mixed black and blonde to golden brown, post-
alar tuft blonde to golden brown anteriorly and black posteri-
orly. Scutellum greyish brown predominantly with blonde to 
golden brown hairs. Pleura yellowish brown, with dark brown-
black marking on suture between katatergite and katepimeron; 
pleura hairs predominantly yellowish brown, with mixed 
yellowish brown and dark brown hairs on anepisternum and 
katepisternum, cream hairs on propleuron and katatergite. 
Legs. Fore coxa light yellowish brown, pale yellow-cream on 
mid and hind. Femora pale yellow-cream with long dark 
brown to black hairs, tibiae and tarsomeres pale yellow-cream, 
with short dense golden brown hairs. Wings. Brownish grey, 
marbling very subtle with pale edges occurring on median vein 
and above stigma on vein R1 ; stigma brown, less conspicuous; 
veins yellowish brown; R4 curved, without appendix; petiole to 
cell Rs extremely short, with cell R5 closing very close to or on 
wing margin. Abdomen. Golden yellowish brown, tomentose, 
lack of obvious banding, with vague darkening on tergites 2 
onwards, most prominent towards median, apical quarter of 
tergites brown and without dark markings, tergites 6 onwards 
dark golden brown; disc hairs on first tergite blonde to golden 
brown at base and dark brown apically, predominantly golden 
brown on remainder of abdomen, with golden yellow hairs on 
apical margins of tergite 3 onwards, hairs on lateral margins 
of abdomen mixed golden brown and dark brown to black. 
Venter. Pale yellow to cream, darker golden brown from ster-
nite 6 onwards, marked with three distinct black lateral rows 
on both lateral margins and median of sternites 2-5 ; disc hairs 
predominantly pale yellow to cream on sternites 1-5, black on 
sternites 6 onwards. 
Remarks. One specimen from Mount Glorious, Qld, is more 
tomentose and slightly darker brown in shade for the frons, 
subcallus, parafacials and face. Its palpi are also a darker shade 
of brown to the rest, and appear to be more rounded and not 
tapered at all. The scutum colour is duller than others, and the 
lateral rows of black markings on the venter are less obvious. 
Distribution. South-eastern Qld (Fig. 1). 
Etymology. This specific epithet is derived from the Latin for 
black dot and refers to the markings on the venter. 
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Fig. 7. Scaptia (Plinthina) nigripuncta Lessard, sp.n. holotype female: (a) dorsum; (b) side; (c) venter; (d) front; (e) profile. 
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Abstract 
A new genus of Australian and New Zealand horse fly, Anzomyia Lessard, gen .n. , is described, with its type 
species Anzomyia anomala (Mackerras) originally placed in the Scaptia (Walker, 1850) subgenus 
Pseudoscione (Lurz, 1918). The new genus Anzomyia is diagnosed and illustrated, along with the descrip-
rion of three new species. A taxonomic key is also provided to include all known species. The three new 
species are Anzomyia chrysomallis Lessard, sp.n. and Anzomyia pegasus Lessard, sp.n. from Australia, and 
Anzomyia herculensis Lessard, sp.n. from New Zealand. 
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Introduction 
Horse flies (Diptera: Tabanidae) are well known for their blood-sucking behaviour, 
and are ecologically diverse with almost 4400 extant species described throughout the 
world (Evenhuis et al. 2009). Through feeding the females of many species are known 
to transmit diseases to livestock (Foil et al. 1984, 1988; Scoles et al. 2008), some 
Australian marsupials (Spratt 1972a,b, 1974a,b, 1975; Reid et al. 2001) and even 
humans (Krinsky 1976; Foil 1989). The family also plays an important role in the pol-
lination of plants (Johnson & Morita 2006; Morita 2008), including Eucalyptus and 
tea tree genus Leptospermum in Aus tralia, with the fatter also being pollinated by horse 
flies in New Zealand (Tillyard 1926; Mackerras 1957, 1960). 
The monophyly of the Tabanidae is supported by both morphological (Mackerras 
1954; Yeates 2002) and molecular data (Wiegmann et al. 2000, 2011; Morita 2008). 
However, species-level taxonomic research in the family is hampered because both 
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sexes have general morphological uniformity in genitalia below the tribal level 
(Mackerras 1954). Consequently, emphasis has been placed on morphology, especially 
colour patterns which can be modified overtime due to fading, difference in specimen 
age, or collection method and curation (Lessard & Yeates 2011; Mackerras et al. 2008; 
Morita 2008). Nonetheless the taxonomy of the family is fairly stable, with today's 
classification scheme based on the work of Mackerras (1954) who used genitalia and 
external characters to divide the family into four subfamilies, with further tribal divi-
sion: Chrysopsinae (Bouvieromyiini, Chrysopini and Rhinomyzini), Pangoniinae 
(Mycteromyiini (added by Coscar6n & Philip, 1979), Pangoniini, Philolichini and 
Scionini), Scepsidinae, and, the largest of the subfamilies, Tabaninae (Diachlorini, 
Haematopotini and Tabanini). 
The subfamily Pangoniinae consists of four tribes, the Mycteromyiini (Neotropical 
in distribution), Pangoniini (Australasian, Nearctic, Neotropical and Palaeartic), 
Philolichini (Afrotropical, Australasian and Oriental) and the Scionini (Australasian, 
Nearctic and Neotropical) (Mackerras 1955). The Scionini is further divided into six 
genera, including Caenopangonia Kroeber 1930, Fidena Walker 1850, Goniops Aldrich 
1892, Pityocera Giglio-Tos 1896, Scione Walker 1850, and, the most species-rich genus, 
Scaptia Walker 1850. 
Scaptia are usuaHy stout and hairy flies, with a more slender proboscis than other 
Australian Tabanidae (Mackerras 1960). The genus has an exclusively southern 
hemisphere distribution, occurring predominantly in Australia, New Zealand, Papua 
New Guinea and South America (Oldroyd 1947; Mackerras 1957, 1960, 1961, 1964; 
Wilkerson and Coscar6n 1984; Coscar6n and Wilkerson 1985; Daniels 1989; 
Coscar6n and Gonzalez 2001; Coscar6n and Iide 2003; Coscar6n- and Papavero 
2009; Lessard and Yeates 2011). Seven subgenera have been described and applied to 
Scaptia, including Lepmia Fairchild 1969 (Brazil), Pseudomelpia Enderlein 1922 
(Chile), Myioscaptia Mackerras 1955 (Australia), Palimmecomyia Taylor 191 7 
(Australia), Plinthina Walker 1850 (Australia), Scaptia Walker 1850 (Australia, Chile, 
Peru, Bolivia, Argentina), and Pseudoscione Lutz in Lutz, Araujo & Fonseca 1918 
(Australia, Argentina, Brazil, Chile, New Guinea and New Zealand). 
In the one of the most extensive revisions of the Pangoniinae, Mackerras (1955) 
referred to one undescribed Australian species as being most similar to S. (Pseudoscione), 
based on similarities in the antenna! flagellomeres and genitalia, but also sharing the 
short fleshy proboscis and large, hairy antenna! scape, most similar to 5. (Pseudomelpia). 
It was not until Mackerras' 1960 revision of Scaptia when this unna1ned species was 
first described as Scaptia anomala. Furthermore, it was identified as an intermediate 
species closely related to both S. (Scaptia) and S. (Pseudoscione), and was provisionally 
placed within S. (Pseudoscione), so it would not escape recognition: "S. anomala is 
exceptional, in combing the short proboscis and long palpi of [the subgenus] Scaptia 
with the diverging frons and general appearance of [the subgenus] Pseudoscione ... 
a case could be made for establishing [a new subgenus] for Scaptia, [being] S. anomala, 
and that may prove to be a proper course when more is known about it." (Mackerras 
1960, p. 33). Based on its intermediate anatomical form, Mackerras (1955) hypoth-
esized that S. anomala may represent a unique derivation from the ancient 
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S. (Pseudoscione) lineage. He further stated that this species would most likely represent 
the earliest form of the Scionini, and adapted to nectar feeding of early flowering plants 
(Mackerras 1960). 
O ver the last 50 years, new material belonging to the anomala group has accumu-
lated in both Australian and New Zealand collections. This is the third paper in a 
recent series renewing the descriptive work on the Australian Tabanidae (Mackerras 
et al. 2008; Lessard & Yeates 2011) since Ian Mackerras passed away. The increase in 
available evidence reinforces Mackerras' suggestion to remove S. anomala from its pre-
vious position within the genus Scaptia, and supports its raising to a new genus 
Anzomyia Lessard, gen.n. in the Scionini. Three new species have also been identified 
and are described below in the new genus, and an original key is provided to include 
all known species. Moreover, Anzomyia and S. (Pseudoscione) are the only two Scionini 
genera that are distributed in two or more continents in the southern hemisphere. 
Materials and Methods 
Morphological terminology follows Mackerras et al. (2008). Specimens were examined 
using Zeiss dissecting microscopes. Photographs were acquired on a BK Plus Lab 
System featuring aP-51 Cam lift, Infinity Optics K2 Long Distance Microscope, and 
Helicon Focus software. All material is sourced from the Australian National Insect 
Collection at CSIRO Ecosystem Sciences, Canberra, ACT, unless otherwise stated. 
Collection localities are displayed in Figure 1. 
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Fig. 1 The distribution of Anzomyia Lessard, gen .n. , displaying species localities from Australia and New 
Zealand. NSW, New Souch Wales; NT, Northern Territory; Qld, Queensland; SA, Souch Australia; Tas, 
Tasmania; Vic, Victoria; WA, Western Australia. 
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List of abbreviations: 
ACT 
ANIC 
ERM-LUNZ 
NSW 
NZ 
Vic 
WC 
Systematics 
Australian Capital Territory 
Australian National Insect Collection, CSIRO Entomology, 
Canberra, ACT, Australia 
Entomology Research Museum, Lincoln University, Canterbury, 
New Zealand 
New South Wales 
New Zealand 
Victoria 
Wilson Collection, Melbourne, Vic 
Family: Tabanidae 
Subfamily: Pangoniinae 
Tribe: Scionini 
Genus Anzomyia Lessard, gen.n. 
Type species 
Scaptia (Pseudoscione) anomala Mackerras, 1960, Australia, by present designation. 
Species included 
Anzomyia anomala (Mackerras); Anzomyia chrysomallis Lessard, sp.n.; Anzomyia hercu-
lensis Lessard, sp.n.; Anzomyia pegasus Lessard, sp.n. 
Diagnosis 
Female. Small (length 6-10 mm), dark and hairy species. Frans strongly diverging 
(index 2.2-2.5). Face truncate to moderately bulging, or relatively projecting (Figs 
2-5). Proboscis short, less than the length of the head, thick, with extensively developed 
labella. Palpi long, usually half the length of the proboscis shaft, very slender, subcylin-
drical and fusiform, with small apical pits reduced to flat ovals. Scutum with at least 
indications of vittae. Wings never marbled, usually brown or greyish; stigma brown 
and subtle; R4 angulate to slightly curved, without appendix; cell R5 widely open; cell 
M3 always open. Genitalia originally described by Mackerras (1960) as small, with 
rounded gonophophyses, unchitonised 10th tergite, truncate cerci, lateral arms of the 
furca rather large, and caudal ends of the spermathecal ducts long, lightly chitonised. 
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Male. Similar to the female but hairier and somewhat darker (Fig. 5). Eyes with upper 
facets not obviously enlarged. Palpi shorter and more cylindrical than females. 
Mackerras (1960) stated that the genitalia are similar to S. (Pseudoscione) without 
major structural modifications; style of hypopygium finger-like, rounded at tip. Males 
are unknown for An. chrysomallis and An. pegasus. 
Distribution 
The genus appears to be limited to high altitude mountain regions, such as the Great 
Dividing Range of southeastern Australia, and southwest of the South Island alpine 
fault in New Zealand (Fig. 1). 
Remarks 
There is no information on the biology or feeding habits of Anzomyia. The genus is 
separated from Scaptia and other members of the Scionini by its smaller size, dark 
colouration, strongly diverging frons, short and thick proboscis with an extensively 
developed labella, and palpi that are slender, subcylindrical, longer than half the length 
of the proboscis shaft, and with reduced, apical, oval-shaped pits. 
Etymology 
The name is derived from the Greek myia, B.y, combined with the Australian and New 
Zealand distribution of the genus. 
Key to females of species of the genus Anzomyia 
1. Antennae relatively short and thick (Figs 4 and 5); scutum with obvious grey 
postpronotal lobe contrasting ground colour, and well-defined vittae that exceed 
suture; wings clouded; abdomen relatively tapered, and with a black apical fringe 
on tergite three; New Zealand .............................. .. herculensis Lessard, sp.n. 
Antennae more normal (Fig. 3); scutum with subtle postpronotal lobes concolor-
ous to ground colour, and with indications of vittae limited to anterior area; wings 
not obviously clouded; abdomen more rounded, with creamy white or golden 
yellow apical fringes on tergite three; Australia ....................................... 2 
2. Frons with golden yellow hairs at base; beard and pleural hairs golden yellow 
(Fig. 2); scutum grey with a bluish hue; abdomen without obvious apical bands or 
medial triangles ............................................. chrysomallis Lessard, sp.n. 
Frons with predominantly brown hair; beard and pleural hairs grey to creamy 
white (Fig. 3); scutum brown to black, without bluish hues; abdomen with well 
pronounced apical brown bands and grey medial triangles .......................... 3 
3. Face noticeably projecting (Fig. 3); pal pi longer, usually over half the length 
of the proboscis shaft; head, thorax and abdomen dark greyish black; scutal vittae 
less obvious; scutum and abdomen with golden yellow hairs ....................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . pegasus Lessard, sp.n. 
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Face truncate to bulging (fig. 148 in Mackerras 1960); palpi shorter, usually only 
half the length of the proboscis shaft; head, thorax and abdomen brown; scutal 
vittae more pronounced; scutum and abdomen with creamy white to brown 
hairs ..................................................................... anomala (Mack.) 
Anzomyia anomala (Mackerras) 
Scaptia (Pseudoscione) anomala Mackerras, 1960: 118, figs 148-151. 
Type specimens 
Holotype ~ , Australia, Vic, near Warburton, 4000 ft, 25 Jan 1942, F.E. Wilson (WC). 
Allotype o (1), Australia, ACT, Mt Gingera, 3 Jan 1951, S.J. Paramonov (ANIC). 
Other specimens examined 
~ (1), Australia, NSW, Clyde Mountain, 23 Jan 1960, I.F.B. Common & M.S. Upton 
(ANIC). ~ (1), Australia, NSW, Kosciuszko National Park, 1.7 km ENE of Thredbo, 
over narrow stream in flowering wide grassy creek bed, 36°30'07"5 148°19'02"E GPS, 
1380 m, malaise, 3-11 Jan 2002, CL Lambkin & NT Starick (ANIC #29 007019). 
o (5), Australia, NSW, Mt Imlay National Park, Mt Imlay summit, 52 km SE Bombala, 
37°10'49"5 149°44'04"E GPS, 886 m, hand net, 13 Jan 2005, C Lambkin & 
N Starick (ANIC). 
Diagnosis 
An appropriate diagnosis was given by Mackerras (1960): a small (length 9-10 mm), 
dark species, with very slender palpi, grey beard, clear wings, and dull creamy to 
yellowish apical hairs on abdominal tergites. 
Description 
Female. Head: Eyes with long, dark brown hairs, relatively sparse on lower facets. Frans 
diverging to antennae, brown, with long black hairs; ocellar tubercle brown. Subcallus 
greyish brown, without hairs; parafacials and face creamy grey, both with long mixed 
black and white hairs; central area of face without hairs. Antennae: Scape and pedicel 
covered with creamy grey tomentum, and with long black hairs; flagellum creamy grey 
at extreme base, lighter brown on ventral part of first flagellomere, becoming blackish 
brown distally. Palpi: Second segment very slender, creamy grey, with a small, oval, 
depressed, brownish area on distal half, and with long white and some black hairs. 
Beard greyish white. Thorax: Scutum and scutellum dull, dark brown, with indications 
of paler dorsocentral lines anteriorly and at suture, and lighter brown anterior margin 
and lateral areas; disc covered with a mixture of short, appressed, creamy white and 
longer, more erect, dark ones; notopleural hairs mixed black and greyish cream; supra-
and postalar tufts and marginal scutellar hairs long, dull greyish cream. Pleura grey, 
51 
Chapter Four 
52 
B.D. Lessard and D.K Yeates I Insect Systematics & Evolution 43 (2012) 101-116 l 07 
with greyish white hairs, a few darker ones on upper anipesternum, and a dense white 
tuft below wing root. Legs: Femora with pale grey tomentum overlaying a dark brown 
ground colour, and with greyish white hairs; tibiae and tarsomeres light brown, dark-
ening to blackish brown on apical tarsal segments, with black hairs, which are some-
what bristly on tibiae. Wings: Greyish, with faint brownish staining in costal cell 
and basally; veins brown; R4 gently curved, without appendix; cell R5 widely open. Abdomen: Brownish black, with long black hairs, apical margins of tergites creamy 
brown, with a fringe of rather dense, creamy hairs, which widen to form indefinite 
median triangles on first to fifth tergites, marginal creamy hairs longer, but not espe-
cially dense. Venter: Grey, apical margins of sternites pale creamy grey, hairs silvery. 
Male. Similar to female, but more hairy. Face somewhat darker, with darker hairs; 
beard rather creamy yellow. Palpi similar to female, but the brown bare area distally is 
smaller. Pale hairs on scutum and abdominal tergites golden in Victorian specimens, 
similar to Allotype male. Femora black, with less overlay of pale grey tomentum. 
Remarks 
A series of five male specimens from Mount Imlay, along with one female from 
Kosciuszko National Park, have the scutum with less pronounced vittae and denser, 
dull creamy white hairs, and are darker overall, specifically darker brownish black on 
the antennae, thorax, legs, and abdomen. We interpret these differences as variation 
within the species. 
Distribution 
Southeastern Australia, ranging from the ACT to southern Vic (Fig. 1). 
Anzomyia chrysomallis Lessard, sp.n. (Fig. 2) 
Type specimen 
Holotype ¥, Australia, NSW, Mount Wilson, 30 Dec 1960, D.H. Colless (ANIC). 
Diagnosis 
A small (length 10 mm), Calliphora-lik.e species, distinguished to An. anomala by its 
dark bluish grey scutum, golden yellow to brown palpi that are relatively blunt and flat 
distally, and distinct golden yellow hairs present on lower margins of the frons , parafa-
cials, antennae, beard, scutum, pleura, femora and abdominal marginal hairs. 
Female. Length 10 mm. H ead: Eyes with rather dense, long, dark brown hairs. Frans 
wide and clearly diverging, index 2.4, pale grey, hairs long and brown with and a dis-
tinct golden yellow tuft at the lower margin near the subcallus; ocellar tubercle slightly 
raised, dark greyish brown, with long black hairs. Subcallus pale brownish grey and 
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(a) 
1.0mm 1.0mm 
Fig. 2 Anzomyia chrysomallis Lessard, sp.n. Holorype ~ : (a) dorsum; (b) side; (c) front; (d) profile. This 
figure is published in colour in the online edition of this journal, which can be accessed via hnp://www 
. brill.nl/ise 
without hairs; parafacials pale grey, hairs long, entirely dull golden yellow; face grey, 
hairs predominantly long, dark brown and with a small pale golden yellow tuft below 
each antennae, central area without hairs. Antennae: Scape and pedicel greyish-brown, 
hairs long, mixed brown and golden yellow; flagellum absent for description. Palpi: 
First segment golden yellowish brown with long, dull golden yellow hairs; second seg-
ment double the length of the first, somewhat blunt and relatively flat distally, brown, 
with an obvious bright golden to yellowish-brown elongated apical oval area that is 
bare, more yellowish on distal half, hairs predominantly golden yellow. Beard golden 
yellow. Thorax: Scutum and scutellum dark grey with a bluish hue, with indications of 
pale grey dorsocentral lines anteriorly and at sutures, and lighter grey anterior and 
lateral margins; disc hairs predominantly long and black, with some that are appressed 
golden yellow; notopleural hairs mixed black and golden yellow, relatively sparse; 
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supra- and postalar tufts mixed golden yellow with some sparse black medially; scutel-
lar marginal hairs predominantly long black. Pleura pale to dark grey, with dense, 
entirely golden yellow hairs. Legs: Coxae grey with long golden yellow hairs, femora 
dark brown with grey tomentum and golden yellow hairs; tibiae and tarsomeres lighter 
brown, with predominantly short black hairs, fore legs with a dense golden brown 
ventral zone. Wings: Brownish-grey, somewhat yellowish along costal cell near base; 
stigma yellowish-brown, subtle; veins brown; R4 angulate to slightly curved, without 
appendix; cell R5 widely open. Abdomen: Dark greyish black with a bluish hue, not 
obviously banded, only the extreme edges of all tergites are marked with pale brown; 
hairs on disc a dull golden yellow, with a medial zone of black hairs on third and sub-
sequent tergites, with dense golden yellow hairs on apical fringes and lateral margins. 
Venter: Dark greyish black, with pale brown bands on extreme distal edges of sternites, 
hairs on disc predominantly dense and golden brown. 
Remarks 
This specimen was originally determined by Ian Mackerras as "Scaptia (Pseudoscione) 
I " anoma1,a var. 
Distribution 
This species is only known from the holotype, central-eastern NSW, Australia (Fig. 1). 
Etymology 
This specific epithet is derived from the Greek chrysos, gold, and mallos, wool, and 
refers to the distinct golden yellow hairs covering the species. 
Anzomyia pegasus Lessard, sp.n. (Fig. 3) 
Type specimen 
Holotype ¥, Australia, NSW, Kosciuszko National Park, 1.8 km NE of Thredbo, 
36°29'49"5 148°18'51"E GPS, 1480 m, over narrow stream in flowering grassland, 
malaise, 11-13 Jan 2002, CL Lambkin and NT Starick (ANIC #29 005393). Paratype ¥ (1), Kosciuszko National Park, 3.2 km WSW of Thredbo, near Dead Horse Gap, 
36°31'15"5 148°16'06"E GPS, 1496 m, over narrow stream in flowering grassland, 
malaise, 1-11 Jan 2002, CL Lambkin and NT Starick (ANIC #29 005392). 
Diagnosis 
A small (Length 10 mm) black species, superficially similar to An. anomala, but diag-
nosed as being darker, hairier, and with a more obviously projecting face, longer palpi 
over half the length of the proboscis shaft, and dark grey to black scutum with less 
pronounced vittae, with the scutum and abdomen having dense golden yellow hairs 
that sharply contrasts the darker ground colour. 
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(a) 1.0mm (b) 1.0mm 
(c) (d) 
1.0mm 
Fig. 3 Anzomyia pegasus Lessard, sp.n. Holotype ¥: (a) dorsum; (6) side; (c) front; (d) profile. This figure 
is published in colour in the online edition of chis journal, which can be accessed via http:/ /www.brill 
.nl/ise 
Female. Length 10 mm. Head: Eyes with long dark brown hairs. Frons strongly diverg-
ing, index 2.5, dark blackish, pale grey along eye margins and fawnish brown at lower 
margins, hairs long, black, with a sparse white patch at lower margin near the subcal-
lus; ocellar tubercle raised, dark brown with long dark brown hairs. Subcallus dark 
blackish grey, fawnish brown near base of antennae, without hairs; parafacials dark 
blackish grey with pale fawnish grey zone along eye margins, hairs long, black along 
lateral margins, pale creamy white at lower medial margins towards face; face dark 
blackish grey, hairs long, mixed black and pale creamy white below each antennae, bare 
at centre. Antennae: Scape and pedicel dark brown to black, with grey tomentum, 
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hairs long and black; flagellomeres relatively well defined, dark brown, becoming more 
yellowish brown ventrally on medial surface. Palpi: First segment dark brown to black 
with grey tomentum, hairs creamy white; second segment over half the length of the 
proboscis shaft, dark brown to black with grey tomentum, with flat, lighter brown api-
cal ovals that are slightly elongated, hairs creamy white basally and dark brown apically. 
Beard creamy white. Thorax: Dark grey to black, with evanescent pale grey dorsocen-
tral lines anteriorly and at sutures, pale grey at anterior and lateral margins of scutum 
and apical margins of scutellum; disc with appressed dense golden yellow hairs sharply 
contrasting dark ground colour, with long, erect black hairs, scutellar hairs long, pre-
dominantly pale golden yellow with fewer black hairs at centre; notopleural hairs 
mixed golden yellow and black; supra-alar tuft pale golden yellow occasionally mixed 
with black, postalar tuft entirely pale golden yellow. Pleura dark grey to black, hairs 
sparse, predominantly creamy white, more yellowish on upper posterior margin of 
anepisternum. Legs: Coxae grey with pale creamy white hairs; femora dark brown to 
black with pale creamy white hairs, somewhat yellowish on distal segments; tibiae and 
tarsomeres lighter brown, contrasting femora, hairs dark brown, fore legs with a lighter 
golden brown ventral zone. Wings: Brownish-grey, slightly yellowish along costal cell 
near base; stigma yellowish-brown, subtle; veins brown, R4 slightly curved to angulate, 
without appendix; cell R5 widely open. Abdomen: Dark grey to black, with rather 
obvious pale brown apical bands and greyish brown medial triangles on all tergites; disc 
hairs black, with golden yellow hairs on obvious medial zones, apical fringes, and lat-
eral margins. Venter: Dark grey, with pale brown bands on apical quarter of all ster-
nites, hairs predominantly pale creamy white. 
Distribution 
This species is limited to the type location of Kosciuszko National Park, southeastern 
Australia (Fig. 1). Furthermore, it appears to co-occur with An. anomala. 
Etymology 
This specific epithet is a latinised derivation of the winged horse Pegasos from Greek 
mythology, and refers to the projecting face of the species resembling the elongated 
nose of a horse. 
Anzomyia herculensis Lessard, sp.n. (Figs 4 and 5) 
Type specimens 
Holotype ¥, New Zealand, BR, Mt Hercules Scenic Reserve, Hercules Ck, yellow pan 
trap in podocarpl broadleaf forest, 1-3 Jan 1984, J.W Early (ERM-LUNZ). Paratype ¥ (4), New Zealand, WD, Westland National Park, adjacent Canavans Knob, 140 m, 
malaise trap, 12-17 Jan 1982, J.W Early (ERM-LUNZ). Paratype o (1), same data 
as for Holotype (ERM-LUNZ). Paratype males (2), same data as for Paratype ¥ 
(ERM-LUNZ). 
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(a) 1.0mm (b) 1.0mm 
(c) (d) 1.0mm 
1.0mm 
Fig. 4 Anzomyia herculensis Lessard, sp.n. Holotype ~ : (a) dorsum; (6) side; (c) front; (d) profile. This 
figure is published in colour in the online edition of this journal, which can be accessed via http://www 
. b rill. nl/ ise 
Other specimens examined 
o (3), New Zealand, BR, Paparoa Ranges, 2 km N of Croesus Knob, sweeping tus-
sock, 1130 m, 20 Jan 1982, J.W Early and R.M. Emberson (ERM-LUNZ). o (1), 
New Zealand, BR, Punakaiki Scenic Reserve, Bullock Ck, 20 m, malaise trap, 24 Jan 
to 8 Feb 1983, G.R. Champness (ERM-LUNZ). 
Diagnosis 
A very small (length 6-10 mm), dark species, similar to An. pegasus, but separated by 
its short, relatively thick antennae, subcylindrical palpi, scutum with obvious grey 
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(a) 1.0mm 
(c) 
1.0mm 
(d) 
1.0mm 
Fig. 5 Anzomyia herculensis Lessard, sp.n. Paratype o: (a) dorsum; (b) side; (c) front; (d) profile. This 
figure is published in colour in the online edition of this journal, which can be accessed via http:/ /www. 
b rill. nl / ise 
postpronotal lobes contrasting dark ground colour, and well-defined grey vittae exceed-
ing the suture, wings clouded, and with a relatively tapered abdomen with an apical 
fringe of black hairs on tergite three. 
Female. Length 6-8 mm. Head: Eyes with relatively dense, long, dark brown hairs. 
Frans strongly diverging, index 2.2, with a slight sunken impression at base, greyish-
brown, darker towards ocellar tubercle, hairs long dark brown; ocellar tubercle dark 
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brown, with long black hairs. Subcallus fawnish grey, without hairs; parafacials grey, 
hairs long, dark brown to black, with a yellowish cream tuft at lower margins; face grey, 
hairs long and black below antennae with some sparse pale yellow hairs, bare at centre. 
Antennae: Scape and pedicel dark brown to black with grey tomentum, hairs long, 
dense and black; flagellum relatively short and thick, dark brown to black with brown 
tomentum, flagellomeres not obviously defined. Palpi: First segment dark brown, with 
long, pale creamy yellow hairs; second segment three times larger than the first, subcy-
lindrical, dark brown, with extremely reduced apical pits and short dense black hairs. 
Beard dull yellow to cream. Thorax: Scutum and scutellum dull, dark brown, with well 
defined grey medial and dorsocentral lines exceeding the suture, postpronotal lobe 
grey contrasting darker ground colour, lateral margins grey and less distinguished; disc 
mixed with long, erect black hairs and shorter appressed dull golden yellow ones, 
scutellum with long black hairs; notopleural hairs long, mixed black and dull golden 
yellow; supra- and postalar tufts rather dense, dull, and pale creamy gold. Pleura grey 
to dark brown, hairs predominantly pale creamy yellow, anepisternum with darker 
creamy yellow hairs dorsally and black at posteroventral margins. Legs: Coxae brown-
ish grey, with mixed creamy white and pale yellow hairs above, with some black bel-
low; femora brown, pale yellowish brown on hind pair, knees black, hairs mixed with 
black and pale yellow; tibiae and tarsomeres pale creamy yellow to brown, contrasting 
darker femora, hairs short black, fore legs with a golden brown ventral zone. Wings: 
Brownish grey, moderately clouded, with yellowish brown along costal cell near 
base; stigma yellowish brown, subtle; veins brown; R4 angulate to slightly curved, with-
out appendix; cell R5 widely open. Abdomen: Relatively tapered at end, dull, dark 
brown to black with subtle pale medial triangles, hairs on disc black, with dense pale 
creamy yellow hairs on medial triangles, apical fringes and marginal hairs black on 
tergite three and pale yellow to creamy white on remainder. Venter: Greyish brown, 
with occasional yellowish brown incursions, and narrow pale creamy apical bands, 
hairs creamy white. 
Male. Length 6-10 mm. Similar to female but hairier. Eyes with upper facets not obvi-
ously enlarged. Palpi shorter, slender and more cylindrical than female, with a smaller 
yellow bare area distally. Beard rather creamy white. Hind femora dark brown to match 
fore and mid legs. Venter with additional black hairs on disc. 
Remarks 
The three male specimens from Paparoa Ranges are slightly larger (9-10 mm) and 
darker, but otherwise similar. We interpret this as intraspecific variation. 
Distribution 
Occurring in the central West Coast region of the South Island, New Zealand (Fig. 1). 
Etymology 
This specific epithet refers to the type locality. 
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MORPHOLOGY, SYSTENlATICS, EVOLUTION 
Seven New Australian Species of the Southern Hemisphere Horse Fly 
Subgenus Scaptia (Pseudoscione) (Diptera: Tabanidae), Including 
Descriptions and a Revised Key 
BRYAN D. LESSARD 1•2·3 AND DAVID K. YEATES 1 
J. Med. Entornol. 49(6): 1206-1225 (201:2) ; DOI: http:/ / dx.cloi.org/10.1603/ ME12028 
ABSTRACT Horse flies (Diptera: Tabanidae ) are ecologically important pollinators and vectors of 
many disease-causing organisms, as adult females are known to mechanically transfer multiple disease 
agents during feeding affecting humans, livestock, and many native mammals . Scaptia (Pseudosci.one) 
Lutz in Lutz, Araujo, & Fonseca 1918 has the widest distribution of all genera in the tribe Scionini, 
occurring in Australia, New Guinea, New Zealand, and South Ame1ica. Seven new species of Australian 
S. (Pseucloscione) are desc1ibed and included in an updated key to the subgenus. The new species are: 
S. (Pseucloscione) baylessi sp. nov. Lessard, S. (Pseudoscione) casseli sp. nov. Lessard, S. (Pseuclosd.one) 
mackerrasi sp. nov. Lessard, S. (Pseucloscione) nwri.tae sp. nov. Lessard, S. (Pseudoscione) turca.telae sp. 
nov. Lessard, S. (Pseucloscione) tum.eri sp. nov. Lessard, and S. (Pseucloscione) wiegmanni sp. nov. 
Lessard. In addition, S. (Pseudoscione) occidenta.lis Mackerras, 1960, previously described as a sub-
species, has been raised to species level. One new species significantly extends the known disb·ibution 
of Scaptia into cenb·al Australia, > 1,200 km W from the nearest recorded species within the 
subgenus. 
KEY WORDS Pc:mgoniinae, Scionini, Copidapha., morphology, taxonomy 
Horse flies , commonly referred to as deer or march 
flies , are one of the most recognized groups of blood-
feeding Brachycera, with over 4,400 extant species 
desc1ibed throughout the world (Evenhuis et al. 
2009 ). The family is sexually dimorphic in feeding 
habit as only females require a bloodmeal for ovary 
development, and consequently, can mechanically 
transmit diseases including anaplasmosis (Scoles et al . 
2008) and bovine leukemia virus in cattle, equine 
infectious anemia in horses (Foil et al.1984, 1988 ), and 
trypanosomiases and infections of thefi laiial nema-
tode Pel.eci.tus roenieri in kangai·oos (Spratt 1972a,b, 
1974a,b, 1975; Reid et al. 2001). Human diseases are 
also spread through feeding, such as loiasis, tularae-
mia, and even anthrax (K1insky 1976, Foil 1989). The 
Australian species Scaptia (Pseudoscione) regi.sgeorgi·i 
(Taylor) 1918, Scaptia (Pseudoscione) xa.nthopili.s 
(Ferguson 1921 ), Scaptia (Pseu.closc ione) concolor 
(Walker 1850) , and Scaptia ( Pseudoscione) neocon-
color (Mackerras 1960 ) have been recorded to feed on 
humans, with the latter two also attacking horses 
(Mackenas 1960; unpublished data). 
Interestingly, horse flies ai·e also important pollina-
tors (Johnson and M01ita 2006, Morita 2008) as all 
males, and some females , feed exclusively on the nee-
tar and pollen of plants; Greoi llea, Melaleuca, and other 
Myrtaceae ai·e all fed on by Australian Tabanidae 
(Mackerras 1960). The tea-tree genus Leptospennum 
is frequently visited by adults of Scaptia (Pseu-
closcione) calabui Mackerras, 1960, and Scaptia (Pseu.-
doscione) vi.cina (Taylor 1918) in Australia, with the 
former also collected from Eucalyptus (Mackerras 
1960; unpublished data). New Zealand species also feed 
from Leptos-permitm, including Sca:pt-ia ( Pseucloscione) 
aclrel (Walker, 1850), Scaµt-ia (Pseudoscione) lerda 
(Walker, 1850) , and Scaptia ( Pseudoscione ) milleri. 
Mackerras, 1957 (Tillyard 1926, Macken-as 1960; unpub-
lished data). Commonly, many species are known to feed 
on both mammals and plants; the Australian species Scap-
t-ia (Pseudoscione) ma.culiDentri.s (Westwood, 1835) and 
Scapti.a (Pseudoscione) subcontigua (Ferguson 1921 ) 
feed from horses, huma11s and / or Leptospennwn (Mack-
enas 1960), whereas the Chilean Scaptia ( Pseudoscione) 
Diri.di:Dentris (Macquart, 1838) is attracted to both hu-
mans and the plant genus Litma (Myrtaceae) ( unpub-
lished data). 
The monophyly of the Tabanidae is well supported 
by both morphological (Mackerras 1954, Yeates 2002) 
and moleculai· evidence (vViegmann et al. 2000, 2011 ; 
Mo1ita 2008). However, species-level taxonomic work 
____________________ ---L,J· impeded by the general morphological uniformity of 
1 Australian National Insect Collection, CSIRO Ecosystem Sci-
ences. Canbe1Ta ACT 2601. Australia. 
'! Research School of Biology, Australian National University. Can-
berra ACT 0200. Ausb·alia. 
3 Corresponding author, e-mail: bryan.lessard@csiro.au. 
both sexes in genitalia, especially below the bibal level 
(Mackerras 1954). Mackerras (1960) stated that "the 
male genitalia [give] no assistance in disc1iminating 
" between species" for the genus Sca.ptia Walker 1850, 
0022.-:2.58.S/12/1206-122.5$04.00 / 0 © 2012 Entomological Society of Ame1ica 
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and that large structural "differences in the genitalia 
bear little relation to degrees of difference in external 
characters" (Mackerras 1960, p. 36). Consequently, 
emphasis has been placed on coloration patterns and 
chaetotaxy, which can be modified over time because 
of fading or difference in specimen collection and 
curation (Mackerras et al. 2008; Morita 2008). Gen-
erally, these characters are still valid and used in de-
limiting species (Lessard and Yeates 2011, 2012). 
Today, the classification of the Tabanidae is primar-
ily based on the work of Mackerras ( 1954) , who used 
external characters and available genitalia differences 
of adults. This scheme encompasses four subfamilies, 
with further division into their respective tribes: 
Chrysopsinae (Bouvieromyiini, Chrysopini, and Rhi-
nomyzini) , Pangoniinae (Mycteromyiini [ added by 
Coscar6n & Philip, 1979] , Pangoniini, Philolichini, and 
Scionini) , Scepsidinae, and the larges t of the subfam-
ilies, Tabaninae (Diachlorini, Haematopotini, and Ta-
banini). 
The subfamily Pangoniinae comprises four tribes; 
the Mycteromyiini (Neotropical), Pangoniini (Aus-
tralasian, N ea.retie, N eotropical, and Palaeartic) , Phi-
lolichini (Afrotropical, Australasian , and Oriental) , 
and the Scionini (Australasian, Nearctic, and Neotro-
pical) (Mackerras 1955). The Scionini is further di-
vided into seven genera: Anzomy-ia Lessard 2012, 
Caenopangonia Krober 1930, Fidena Walker 1850, Go-
niops Aldrich 1892, Pityocera Giglio-Tos 1896, Scione 
Walker 1850, and the most species-rich genus, Scaptia. 
Scaptia are usually stout and hairy flies , with a more 
slender proboscis than other Australian Tabanidae 
(Mackerras 1960). The genus has an exclusively south-
ern hemisphere distribution, occurring predomi-
nantly in Australia and South America, with smaller 
assemblages in New Zealand and New Guinea 
( Coscar6n and Wilkerson 1985, Coscar6n and 
Gonzalez 2001, Coscar6n and lide 2003, Daniels 1989, 
Lessard and Yeates 2011, in review; Mackerras 1957, 
1960, 1961, 1964; Oldroyd 1947; vVilkerson and 
Coscar6n 1984). Seven subgenera have been de-
scribed and applied to Scaptia, including the more 
restricted Leprnia Fairchild 1969 (Brazil) , Pseudornel-
p-ia Enderlein 1922 (Chile), Myi-oscaptia Mackerras 
1955 (Australia) , Palirnmeconiyia Taylor 1917 (Aus-
tralia) , and Pl'inthina Walker 1850 (Australia) , com-
pared with the more expansively dispersed and spe-
cies-rich subgenera Scapt-ia Walker 1850 (Australia, 
Chile, Peru, Bolivia, and Argentina) and Pseucloscione 
Lutz in Lutz, Araujo, and Fonseca 1918 (Australia, 
Argentina, Brazil, Chile, New Guinea, and New Zea-
land) . 
Members of Scapt-ia (Pseucloscione) are medium to 
large, plump species with diverging frons , moderately 
projecting face , with relatively long slender proboscis 
and legs. Scaptia (Pseucloscione) is the most species-
rich subgenus of Scaptia, with 66 extant species de-
scribed today (including new spp. described herein 
and presented in Table 1). It is also the most widely 
distributed, occurring in Australia (32 spp. , Table l; 
Mackerras 1960) , South America (16 spp.; Wilkerson 
and Coscar6n 1984) , New Guinea (11 spp. ; Mackerras 
1964, Oldroyd 1947) , and New Zealand (six spp. ; 
Mackerras 1957) , and is the only representative of 
Scaptia in New Guinea and New Zealand. 
Moreover, there appears to be three main, morpho-
logically idiosyncratic assemblages of S. (Pseu-
doscione) pertaining to each continent (Fig. l; Table 
1) ; Australian and New Guinean species are consid-
ered morphologically analogous (Mackerras 1964) 
and can be identified by their wide and strongly di-
verging frons, faces that are moderately bulging to 
truncate with an obvious basal indentation, wider 
palpi, and a long proboscis at least one and a half times 
the length of the head height (Fig. lA). Although 
originally described in S. ( Pseucloscione) by Mackerras 
(1960), the exceptional species Anzomy'ia anornala 
(Nlackerras 1960) was recently removed from Scapt-ia 
and raised to the Scionini genus Anzomyia Lessard, 
2012 (Lessard and Yeates 2012). Nevertheless, New 
Zealand species are diagnosed as having large, slender, 
pointed, and dorsally rotated palpi, and a short, thick 
proboscis that is usually less than one and a quarter 
times the length of the head height, with a well de-
veloped, fleshy labella (Fig. lB). Finally, South Amer-
ican members are distinguished from other S. (Pseu-
closcione) by their strongly projected faces with basal 
elongation, small, and slender palpi, and a slender 
proboscis with small labella (Fig. 1 C) , common to 
Scione and Ficlena, also from South America (Mack-
erras 1955). 
The taxonomy of Australian Tabanidae is quite ma-
ture, with a series of recent taxonon,ic articles being 
published renewing the descriptive work of the family 
(Mackerras et al. 2008; Lfssard and Yeates 2011 , 2012). 
New material has accumulated in Australian collec-
tions since Mackerras' 1960 revision of the genus, as we 
describe, name, and illustrate seven new species of S. 
( Pseucloscione) , as well as modifying the existing key 
of Mackerras (1960) to include all known species. 
Additionally, Scaptia (Pseucloscione) mack.errasi. Les-
sard, sp. nov. significantly extends the known distri-
bution of Scaptia inland to central Australia by over 
700 km from the nearest species record for the genus, 
suggesting that Scapti.a is able to tolerate arid envi-
ronments. 
Nlaterials and .Methods 
Morphological terminology follows Mackerras et al. 
(2008). Frons index was defined by Mackerras (1955) 
as the "length from vertex to top of subcallus, divided 
by width at mid-length of the frons" (Mackerras 1955, 
p. 459). Specimens were examined using Zeiss dis-
secting microscopes. Photographs were acquired on a 
BK Plus Lab System featuring a P-51 Carn lift, Infinity 
Optics K2 Long Distance Microscope, and Helicon 
Focus software. All material is sourced from the Aus-
tralian National Insect Collection at Commonwealth 
Scientific and Industrial Research Organization Eco-
system Sciences, Canberra ACT, unless otherwise 
stated. Collection localities are displayed in Fig. 2. 
A list of abbreviations is as follows: ANIC, Australian 
National Insect Collection, Commonwealth Scientific 
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Table 1. Species us l of the soulhern he misphe re hoese fl y subgenus Scap t.ia (Pseiuloscione) Lutz in Lutz , Araujo, & Fonesca 
1918, including the new species desc l'ihed here in (Ma ckei-ras 1957 , 1960 , 1964; Oldroyd 1947; Wilke rson and Coscaron 198,l) 
Continent 
Australia 
(n = :32) 
N ew Guinea 
(n = 11 ) 
The clava.ta gro up 
(Ps.) clauata (Macquart. 1838) 
(Ps.) orientalis Mackerras, 1960 
(Ps.) gemina (Walker, 1848) 
The maculirentris group 
The maculioentris subgroup 
( Ps. ) auriple11ra (Taylor, 1917) 
(Ps. ) bicolorata (Taylor, 1918) 
(Ps.) calabyi Mackerras, 1960 
( Ps.) georgi.i (T aylor, 1918) 
(Ps.) guttipenni.s (Ferguson. 1924) 
( Ps.) 1na.culii;entris (Westwood, 1835) 
(Ps.) neotricolor (Taylor, 1918) 
The maculiL1entris group: 
The maculiventris subgroup 
(Ps.) albibarba (Schuunnans 
Stekhoven, 1926) 
(Ps.) 1111i.lineata Oldroyd, 1947 
New Zealand The adrel group 
(n = 6) ( Ps.) aclrel (Walker , 1850 ) 
(Ps.) breuipalp-is Krober. 1931 
South America (Ps.) albifrons (Macquart, 1838) 
(n = 16) (Ps.) a.tra (Philippi. 1865 ) 
( Ps.) australi.s (Philippi, 1865) 
( Ps.) clorsoguttata (i\ilacquart, 1850) 
(Ps.) fe11estrate (Macquart, 1846) 
( Ps.) fiauipes (Enderlein. 1929) 
Recognized species 
( Ps.) occidenta lis Mackerras, 1960 
(Ps.) regisgeorgii. (T aylor, 1918) 
(Ps.) rufonigra (F erguso n, 1921) 
( Ps.) subappendiculata (iviacquart, 1850) 
( Ps.) subcontigua. (Ferguson, 1921 ) 
(Ps.) testaceomaculata. (Macquart, 1850) 
( Ps.) xanthapilis (Ferguson, 1921 ) 
The concolor subgroup 
(Ps. ) aureoh-irta. (fucardo, 1900) 
(Ps.) baylessi Lessard sp. nov. 
(Ps.) casseli Lessa.rd sp. nov. 
( Ps.) concolor CW alker, 1850) 
(Ps.) lasiaphthalma. (J'..facqum.i, 1834) 
The concolor subgroup 
(Ps.) auripi.losa Oldroyd, 1947 
(Ps. ) bernlwrcli Oldroyd, 1947 
(Ps.) caliginosa (Walker , 1865 ) 
(Ps.) j{.auiba.rbis Oldroyd, 1949 
(Ps.) lercla (Walker, 1850) 
(Ps.) milleri Mackenas , 1957 
(Ps.) ricarcloa.e (Hutton, 1892) 
(Ps. ) grisea (Jaennicke , 1867) 
(Ps.) hibernus vVilkerson & Coscm.·6n, 1984 
(A. ) latipalpis (lviacquart, 1849 ) 
( Ps.) leucothorax (Ricardo, 1900) 
(Ps.) longipennis (fucardo , 1902r' 
(Ps.) stictica. Wilkerson & Coscar6n , 1984 
(Ps.) moritae Lessard sp. nov. 
(Ps.) neoconcolor i\fackerras, 1960 
(Ps ) quadrimacula (Walker, 1848) 
(Ps.) roei (Macleay, 1826) 
(Ps.) turcatelae Lessard sp. nov. 
( Ps.) tumeri Lessm.·cl sp. nov. 
(Ps.) iciegmanni Lessard sp. nov. 
The oicina group 
(Ps.) uicina (Taylor, 1918) 
Unplaced species 
(Ps.) ian.thina (White, 1915) 
(Ps.) mackerrasi Lessard sp. nov. 
(Ps.) fioccosa Oldroyd , 1947 
(Ps.) insularis Oldroyd, 1947 
(Ps.) leonina Oldroyd, 1947 
(Ps.) 110-oaegu ineensis (Ricardo, 1913) 
(Ps.) taylori Oldroyd, 1947 
The montan.a group 
(Ps.) mon.tana (Hutton , 1901 ) 
(Ps.) subanclina (Phil ippi, 1865) 
(Ps. ) subu./.ipalpis Enderlein, 1929 
( Ps.) oiridiventris ( Macqum.i:, 1838) 
( Ps.) ,:, ittata ( Philippi. 1865 ) 
The species Anzomyia a.noma.la (Mackerras 1960) was recently removed from S. (Pseucloscione) and placed in the Scionini genus Anzomyia 
Lessa.rd 2012 (Lessard and Yeates 2012 ). Aste1isk indicates type species. 
and Industrial Research Organization Ecosystem Sci-
ences, Canberra, Ausb·alia; GDCB, Greg Daniels P1i-
vate Collection, B1isbane, Queensland, Ausb-aha; 
NSW, New South Wales; NT, Northern Territory, Qld 
Queensland; QDPI, Queensland Departmen t of 
Primary Industries, Indooroopilly, Australia; QM, 
Queensland Museum, B1isbane, Australia; SA, South 
Ausb'alia; SAM, South Australian N1useum, Adelaide, 
Ausb·alia; UQIC, University of Queensland Insect Col-
lection, B1isbane, Australia. 
Results 
Taxonomy 
Subgenus PSEUDOSCIONE Lutz in Lutz, Araujo, and 
Fonseca, 1918. 
Clanis Walker, 1850, p. 9, misapplied name of Hubner, 
1816 (Lepidoptera). Type species Pangonia con-
tigua Walker, 1848 ( =Pangonia lasfophthalnw Mac-
quart, 1834), Ausb·alicl, by designation of Coquillett 
1910, p. 524. 
Pseu,dosci.one Lutz in Lutz, Araujo, and Fonseca, 1918, 
p. 167. Type species Diatoniin.eura longipenn.is Ri-
cardo, 1902, Brazil, by designation of Fairchild 1950, 
p. 124, 
Copidapha Enderlein , 1922, p. 337, 1925, p. 270. Mo-
notypic for Copida.pha bifasc-iata Enderlein, 1925 " 
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( = Pangonia roei Macleay, 1826) , Australia. Synon-
ymy by Ferguson 1926a, p. 303. Available if the 
Ausb-alian members a.re distinguished from the 
other continental fauna. 
Scaptiella Enderlein, 1923, p. 544. Monotypic for Pan-
gonia aperta Loew, 1859, "Lusitania," eIToneous 
( = Pango ni.a subappenclicula.ta. Macqua.rt, 1850, Aus-
tralia) . 
Astvp·ia Enderlein, 1925, p. 297. Type species Pangonia 
jacksonii. Enderlein, 1925, misapphed name of Mac-
quart, 1838 ( = Scaptia ( Pseudoscione) calabyi ), 
Western Australia, by original description. 
Lila.ea Enderlein, 1922, p. 341, 1925, p. 297, misapplied 
name of vValker, 1850, by incorrect selection of 
Pangoni.a roei Ende.rlein, 1922; misapplied name of 
Macleay, 1826 ( =concolor Walker, 1850), Austraha 
as type species. Error corrected by Ferguson 1926a, 
p . 294, 304. 
Scaptia (Pseudoscione) (Lutz in Lutz, Araujo, and · 
Fonseca, 1918); Mackerras, 1955, p . 493, 1957, p. 586, 
1960, p. 81 , 1964, p. 79; Wilkerson and Coscar6n, 
1984, p. 213. 
Diagnosis. The following subgene1ic diagnosis for S. 
(Pseuclosc-ione) vvas provided by MackeITas (1960, p. 
83): "Female. Mostly medium-sized to rather large 
(range, 9-16 mm ), plump species, wit.l.1 relatively long 
legs [Figs. 3-10]. Frons clearly diverging. Face mod-
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Fig. 1. Head comparisons of the Australian, New Zealand, and South America members of the southern hemisphere 
subgenus Scaptia (Pseucloscione) Lutz in Lutz, Araujo , and Fonseca (1918 ). (A) Scaptia (Pseucloscione) roei (Macleay, 1826) , 
Australia. (B) Scaptia (Pseucloscione) aclrel (Walker, 1850), New Zealand. (C) Scaptia (Pseucloscione) longipennis (Ricardo, 
1902) , Brazil. Scale bar, 1 mm. ( Onlinefi. gure in color.) 
erately projecting. Proboscis long and slender, from 
one and a half to twice the head height, with relatively 
small, labellafi rm. Palpi less than half the length of the 
shaft; usually thick, pointed, and with a well-defined 
lateral bare area or concavity; occasionally truncate or 
slender. Wings never marbled, usually with at least a 
darker cloud across apices of basal cells; cell R5 often 
narrowed or closed; cell M3 always open; vein R"1 
usually without appendix. Eighth sternite with go-
nopophyses usually triangular and approximated api-
cally; cerci often truncate apically; lateral arms of 
furca not fused with ninth tergite (figs. 124-147, 
Mackerras 1960, p . 88, 98,119). Male. Palpi sometimes 
slightly longer than in females , stout, cylindrical, ex-
ceptionally tapering to tip, with a small, subapical, 
dorsolateral bare concavity [Figs. 6 and 10]. Style of 
hypopygiumfi nger-like, rounded at tip (figs. 39-41, p. 
....,3) " 0, . 
Key to Females of Australian Species of Scaptia 
( Pseudoscione) 
1. Face obviously protuberant or strongly bulging, 
without strong basal indentation (Fig. 11); 
scutal vittae strong; wings usually with stigma; 
Tasmania or central Australia .......... 2 
Face truncated, somewhat indented at base 
(Figs. 3-10); scutal vittae absent or subtle; 
wings usually without obvious stigma; coastal 
mainland Australia . . . . . . . . . . . . . . . . . 3 
2. A large species (length 14 mm) ; frons almost 
parallel; palpi long and cylindrical, with flat-
tened area rotated to point upward; wings 
with less obvious stigma; abdomen wide and 
flattened; Tasmania ............ ... . 
. . . . . . . . . . . . . . . . ianthina (White 1915) 
A smaller species (length 9-11 mm) ; frons 
strongly diverging (Fig. 11) ; pal pi relatively 
short, thick, and pointed, with deeply exca-
vated lateral concavity; wings with strong stig-
ma; abdomen short and rotund; central Aus-
tralia ......... mackerrasi Lessard, sp. nov. 
3. Palpi very slender, pointed with narrow bare 
concavity (fig. 102; Mackerras 1960) ; a large 
brown species (length 14-17 mm) ; scuturn with 
well-defined yellowish brown vittae . . . . . . . 
. . . . . . . . . . . . . . . . . vicina (Taylor 1918) 
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Fig. 2. Collection localities for the new Ausb"alian species of Scaptia (Pseucloscione) Lutz in Lutz, Araujo, and Fonseca 1918 described in this article, including thefi rst records of Scaptia from cenb·al Australia. Black represents collection records for the new 
species: gray represents previous collection records for tl1e subgenus. NSvV, ew South vVales; NT, Northern Tenitory; Qld, Queensland: SA, South Australia; Tas, Tasmania; Vic, Victmia; WA, vVestem Australia; NP, National Park; Ra., Ranges. 
Palpi not so slender with wide bare concavity 
(Figs. 3-l0;fi gs. 99-101 , 103-119); scutal vittae 
less pronounced or absent . . . . . . . . . . . . 4 
4. Terminal segments of abdomen cylindiical (some-
times not apparent if retracted); large ( 13-15 
mm) dark species, with black, scutal vittae gray; 
wings gray, often with darker markings on trans-
verse veins; palpi very sho1t . . . . . . . . . . . . 5 
Terminal segments of abdomen dorsovenb·ally 
compressed; lighter species; palpi usually lon-
ger and more tapeling . . . . . . . . . . . . . . 7 
5. vVings uniformly gray; abdomen black, with me-
dian patches of white hair on tergites and 
dense white hairs on lateral margins ..... . 
. . . . . . . . . . . . . . clauata (Macquart, 1838 ) 
Wings less uniformly gray, usually with na1Tovv 
da1·ker markings at apices of basal cells, fork of 
R4 + _5 and apex of discal cell; abdomen usually 
predominantly brown, or with apical fringes of 
pale hairs on tergites ............... 6 
6. Palpi short and blunt (fig. 101 ); abdominal ma1·-
ginal hairs greyish \,vhite and black; genitalia as 
infi g. 125. Eastern Australia .......... . 
. . . . . . . . . . . . . orientalis ~1ackerras, 1960 
Palpi narrower and tapeling (fig. 100); abdomi-
nal marginal hairs almost completely \vhite; gen-
italia as infi g. 126. vVestern Ausb·alia. . . . . . . 
. . . . . . . . . . . . . . . gemina (vValker, 1848) 
7. Antennal scape swollen, flagellum distinctl y na1·-
rower than scape (fig. 104); palpi swollen; a 
small (9-12 mm) , bro\vn, tomentose species 
with clea1· or faintly stained \.\,ings. \tVestern 
Australia ....... regisgeorgi·i (Taylor 1918 ) 
Antennal scape normal, if at all, wider tha11 fla-
gellum; palpi less swollen . . . . . . . . . . . . . 8 
8. Palpi distinctly swollen (fig. 105); wings da1·k-
ened ante1iorly, with a clear spot at apex of sc, 
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a broad da1·k band at apices of basal cells, and 
conspicuous da1·k spots at fork of R4 + .5 and 
apex of disc al cell (plate 4,fi g. 33); a medium 
sized ( 11-12 mm) , brown tomentose species, 
with well-defined, gray scutal vittae. vVestern 
Australia ........ neotr·icolor (Taylor 1918 ) 
Palpi not swollen; vving markings not as above; 
scutal vittae usually not so prominent . . . . 9 
9. Palpi slender, with flattened ba1·e a1·ea (fig. 103); 
wings faintly yellow, without definite brown 
clouds or pattern . . . . . . . . . . . . . . . . . . 
. . . . . . . subappendiculata (Macquart, 1850) 
Palpi stouter, either la1·ge (Figs. 5 and 8;figs. 
116-119) or excavated laterally (Figs. 3, 4, and 
7-9;fi gs. 104-112); wings mostly with definite 
clouds or bands (Figs. 3, 4, and 7) , sometimes 
subtle (Figs. 5, 6, and 8-10) ....... ... 10 
10. vVings with a da1·ker cloud (sometimes faint or 
narrow) at apices of basal cells, witl1 or with-
out additional faint spots or ma1·kings, and 
sometimes with the a1·ea beyond the discal 
cell gray (plate l ,fi g. 6; plate 4,fi g. 34); palpi 
usually less than one third the length of the 
proboscis shaft; scutw11 usually perceptibly 
vittate; abdomen generally with a pattern of 
black pigment and pale hairs ...... .. . 11 
vVings with two dark bands (Figs. 3, 4, a11d 7), 
one at apices of basal cells, tl1e other ( occa-
sionally rather vague: Figs. 5-6 and 9-10) 
extending to apex of discal cell, beyond 
which the wing is often distinctly gray; palpi 
equal to or more tl1an one third the length of 
tl1e proboscis shaft; scuh1m without evident 
paler vittae or dorsocenb·al sutural spots; ab-
d · al kin · d fi · 99 0111111 mar · gs 111 e mte . . . . . . . . . ::....,::...., 
11. vVings somewhat yellowish ante1iorly, with 
faint or eva11escent band at apices of basal 
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(A) 
1.0 mm 
(C) l .0111111 
I 
I 
\ 
(D) 
(B) 
1.0111111 
Fig. 3. Scaptia (Pseucloscione) bayless-i Lessard, sp. nov. Holotype female. (A) Dorsum. (B) Front. (C) Side. (D) Profile. 
( Onlinefi gure in color.) 
cells; abdomen patterns rather vague; beard 
and pleural hairs bright yellow . . . . . . . . 12 
Wings more greyish, with better defined darker 
markings; abdominal patterns more definite; 
beard and pleural hairs usually cream to whit-
ish .......................... 13 
12. Palpi relatively broad (fig. 122); a robust (12-1.5 
mm) species; scuturn blackish gray, with a 
fringe of fawn; anterior half of abdomen red-
brown with a median black vitta, posterior 
half all black, hairs creamy gold. Eastern Aus-
tralia ........ xanthopilis (Ferguson 1921) 
Pal pi relatively narrow (fig. lll ); a smal1er 
(12-13 mm) species; scutum rather densely 
covered with golden hairs; abdomen light 
brown, somewhat darker apically, with a me-
dian black spot on second tergite, and bright 
golden hairs. Western Australia . . . . . . . . 
. . . . . . . . . . . . . . calabyi Mackerras, 1960 
13. Pale scutal vittae relatively well defined; palpi 
dark brown or greyish; femora entirely black 
or gray ....................... 14 
At most indications of pale dorsocentral lines 
on scutum (Figs. 3-10); palpi reddish 
brown; femora at least partly yellow or red-
dish brown ............. ... .... 16 
14. Palpi more normal (fig. 108); wings without 
darker markings at fork of R4 + 5 and apex of 
discal cell; a robust species; eighth sten1ite as in 
fig. 131. New South Wales and Victoria .... 
. . . . . . . testaceomaculata (Macquart, 18.50) 
Palpi often rather club-shaped (fig. 106); wings 
with distinct darker spots at fork of R4 + _5 and 
apex of discal cell; a more slender species; 
eighth sternite as infi gs. 132 and 13.3. South 
and Western Australia ............. 1.5 
1.5. Beard and upper pleural hairs mostly yellow; api-
cal four flagellomeres of antennae blackish 
brown, sharply contrasting . . . . . occiclentalis 
Mackerras, 1960. 
Beard and upper pletu-al hairs cream; apical flag-
ellomeres of antennae diffusely darkened . . . 
. . . . . . . . . . . guttipenni.s (Ferguson 1924) 
16. Ground color of basal abdominal tergites dull, yel-
lowish brown, occasionally entirely dark . . . 1 7 
Ground color of basal abdominal tergites shin-
ing, rich red-brown ............... 20 
17. Femora entirely yellowish to reddish brown, 
occasionally with a black streak basally; large 
or small species . . . . . . . . . . . . . . . . . 18 
Femora black or gray on basal forth or more; 
relatively small species (10-12 mm) .... 19 
18. A large species (14-1.5 mm); cloud at apices of 
basal cells diffuse; hairs on apical edges of 
abdominal tergites golden. Eastern Australia. 
. . . . . . . . maculiventri,s (Westwood, 183.S) 
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(A) 1.0 mm (B) 1.0mm 
(C) 
1.0mm 
Fig. 4. Scaptia (Pseudoscione) casseli Lessmcl, sp. nov. Holotype female. (A) Dorsw11. (B) Side. (C) Front. (D ) Profile. ( Onlinefi gure in color.) 
A small species ( 9 -12 mm) ; cloud at apices of 
basal cells dark, distinct; hairs on apical edges 
of abdominal tergites cream to yellowish 
cream. Western Ausb·alia ........... . 
. . ... .. ....... b-icolorata (Taylor 1918) 
19. Upper zone of pleural hairs yellovv; lateral and 
segmental abdominal hairs b1ight golden; 
eighth sternite as infi g. 135; Eastern Australia. 
. . . . . . . . . . . . . auripleura (Taylor 1917) 
Plew·al and lateral abdominal hairs cream, 
sometimes tinged ,vith pale yellow; segmen-
tal abdominal hairs usually dark, except near 
median line; eighth sternite as infi g. 136. 
vVestern Australia . . . . . . . . . . . . . . 
. ....... . . . . .. .. georgii (Taylor 1918) 
variety. 
20. Proboscis more than twice the height of the 
head; palpi as in ma.cuUuentris; femora black 
on basal third only. Western Australia . . .. 
. ............... georgii. (Taylor 1918) 
Proboscis about one and a half times the height 
of the head; palpi and femora otherwise. East-
ern Australia ................... :21 / 
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21. 
22. 
9•--i 
....,o, 
A smaller (12-13 mm) species, with shorter, 
wider palpi ( fig. 113) , and wider, black abdom-
inal vitta; femora entirely red-brown . . .... 
. . . . . . . . . . . . rufon-igra (Ferguson 1921) 
A larger (14-16 mm) species, \vith longer, nar-
rower pal pi ( fig. 114), and narrower, black ab-
dominal vitta; femora predominantly black .. 
. .......... subconti.gu.a (Ferguson 1921) 
Marginal dense hairs on abdominal tergites 
mostly golden; scutum and scutellurn not ob-
viously conb·asting, somewhat shiny ... . 23 
Marginal dense hairs on abdomen mostly pale on 
first and second tergites, mostly black on third 
and fowih, and '"rith a rather conspicuous, pos-
terolateral white tuft on.fl. fth or sixth . . . . . 26 
Scutw11 and abdomen deep brown; beard and 
thoracic hairs golden; legs deep brown to black; 
a large (14-1.5 mm) species; eyes bare. No1ih 
Queensland . ....... roei (Macleay, 1826) 
Scutum lighter brown; abdomen yellowish 
brown; beard and thoracic hairs cream; legs 
yellowish brown; eyes hairy . . . . . . . . . 24 
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(A) 1.0mm (B) 1.0mm 
(C) 
Fig. 5. Scaptia (Pseudoscione) nwritae Lessard, sp. nov. Holotype female . (A) Dorsurn . (B) Side. (C) Front. (D ) Profile. 
( Onlinefi gure in color.) 
24. Palpi wide, with slightly raised dorsal 1idge (Fig. 
.5); scutum light greyish brown, hairy, con-
trasting with smoother, darker brown abdo-
men; abdomen with distinct pale medial 
stripe on all tergites (Figs. 5 and 6) ..... . 
. . . . . . . . . . . . . moritae Lessard, sp. nov. 
Palpi more slender and curved (fig. 117) ; 
scutum and abdomen more concolorous; ab-
domen uniform, often darker apically, with-
out medial stripe . . . . . . . . . . . . . . . . . 25 
25. Smaller (12-13 mm) species; scutum violet-
brown; abdomen and legs darkened on apical 
segments; beard and pleural hairs creamy yel-
low. North Queensland ............ . 
. . . . . . . . . . . neoconcolor Mackerras, 1960 
Larger (13-15 mm) species; scutum, abdomen 
and legs almost concolorous dull brown; 
beard and pleural hairs creamy white. South 
Queensland and New South Wales . . . . . . 
. . . . . . . . . . . . . . concolor (Walker, 1850) 
26. Smaller species (length 10-12 mm) ; scutum 
without obvious vittae (Figs. 3, 4, and 7) ; 
abdomen dull , not obviously shining . . . . 27 
Larger more robust species (length 13-16 mm); 
scutum with indications of vittae (Figs. 9 and 
10) ; abdomen shining . . . . . . . . . . . . . 30 
27. Beard and ple ural hairs creamy white; scutum 
greyish brown, with faint vittae; fernora 
brown .. ... .. ... .... .... ..... 28 
Beard and pleural hairs creamy yellow; scutum 
greyish black, without vittae; femora dark 
blackish brown ......... . ........ 29 
28. Scutum dark greyish brown (Fig. 7) ; wing pat-
tern on discal cell evanescent, weaker than 
basal cells; abdomen shining, with anterior 
golden brown tergites contrasting to those 
darker brown posteriorly ........... . 
. . . . . . . . . . . . tHrcatelae Lessard, sp. nov. 
Scutum pale greyish brown (Fig. 4); wing pat-
tern on discal cell obvious, equal in intensity 
to basal cells; abdomen dull, concolorous 
dark brown ...... casseli. Lessard, sp. nov. 
29. Antennae bright yellowish brown; ple ural hairs 
entirely creamy yellow (Fig. 3) ; bifusciate 
wing pattern obvious . . . . . . . . . . . . ... 
. . . . . . . . . . . . . baylessi Lessard, sp. nov. 
Antennae and palpi dull brown; posterior third 
of pleura and upper anepisternum with 
creamy white hairs (Fig. 8); wing pattern 
reduced to a single marking on apices of basal 
cells . . . . . . . . . . . turneri Lessard, sp. nov. 
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(A) 1.0mm (B) 1.0mm 
(C) 1.0mm (D) 1.0mm 
Fig. 6. Scaptia (Pseucloscione) moritae Lessard, sp. nov. Paratype male. (A ) Dorsurn. (B ) Front. (C ) Side. (D ) Profile. ( Onlinefi gure in color.) 
30. First tvvo abdominal tergites yellowish brown, 
remainder dark brovvn to black, contrasting; 
beard, thoracic hairs , and ante1ior marginal 
abdominal hairs b1ight creamy yellow to 
golden, conb·asting vvith dark brown to black 
scutum. Northeastern Queensland. . . . . . . 
.. .. .... . .... aureohirta (Ricardo 1900) 
Abdomen reddish brmvn to black; beard and 
plew·al hairs paler creamy yellow; anterior mar-
ginal abdominal hairs cream to white (Figs. 9 
and 10). Southeast Queensland, New South 
vVales, and Ausb·alian Capital Tenitory ... 31 
31. Scutum reddish to deep brown; abdomen, 
rather dark concolorous reddish brown to 
black, without median pale hairs or black 
vitta . ... . . . quaclrimac-ula (Walker, 1848) 
Scutum dark brown to greyish black; abdomen 
with pale brown ante1ior tergites conb·asting 
to darker black posterior, and with creamy or 
yellowish median hairs . . .. . .... . ... 32 
32. Scutum blackish bro\vn, with conspicuous 
postalar tuft noticeably contrasting to 
ground color; abdomen shining, reddish 
brO\vn , with a median , narrow, sometimes 
incomplete, black vitta ....... . .... . 
. . . . . . . . . . . suhcontigu.a (Ferguson 1921) 
72 
Scutum blackish gray, postalar tuft less obvious 
(Figs. 9 and 10); abdomen duller and less 
shining, with a median creamy yellow or 
white vitta at apices of tergites ........ 33 
3.3. Beard and pleural hairs creamy yellow; scuturn 
shining blackish gray; wings brownish, with ob-
vious brown bifusciate wing patten1s, and yel-
low radial area of basal cells (plate onefi g. 7) ; 
abdomen black, with black poste1ior noticeably 
contrasting to lighter brown anterior tergites, 
with dull cream apical median hairs . . . . . . 
. . . . . . . . . lasiophthalnw (Macquart, 1834) 
Beard and pleural hairs creamy white (Figs. 9 
and 10); scutum dull gray; wings greyish, 
without obvious bifusciate wing pattern and 
yellow radial area of basal cells; abdomen 
yellowish brown with darker posterior tergi-
tes not greatly conb·asting those anteriorly, 
with creamy yellow apical median hairs . . . 
. . . . . . . . . . . wiegmanni Lessard, sp. nov. 
Nev,; species descriptions 
Scaptia (Pseudosci.one) occidental-is Mackerras, 1960, 
' nev.r status. 
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(A) 1.0mm (B) 1.0mm 
(C) (D) 
Fig. 7. Scaptia (Pseucloscione) turcatelae Lessard, sp. nov. Holotype female. (A) Dorsurn . (B) Side. (C) Front. (D) Profile. 
( Onlinefi gure in color.) 
Scaptia (Pseucloscione) guttipennis occidental is Mack-
erras, 1960. Originally described as a subspecies of 
Scaptia ( Pseucloscione) guttipennis guttipennis (Fer-
guson 1924) , hereby raised to species. 
Type Material. Holotype female , WA, Dryandra, 
14-X-1954, J.H. Calaby (ANIC). Allotype male, WA, 6 
miles N of Watheroo, ll-IX-1952, McIntosh and Ca-
laby (ANIC). 
Remarks. Distinguished from Scaptia ( Pseu-
doscione) guttipennis by the differences mentioned in 
Mackerras (1960, pp. 97-100) , specifically in modifi-
cations to the genitalia and body coloration, having a 
yellow beard and upper pleural hairs, as well as the 
distal four flagellomeres being blackish brown sharply 
contrasting the basal flagellomeres. The morphologi-
cal va1iation between the former subspecies is equiv-
alent to species-level differences in the context of the 
genus, and is hereby raised to species. 
Scaptia (Pseudoscione) baylessi Lessard, sp. nov. 
(Fig. 3) 
Type Material. Holotype female , Qld, Bun ya Moun-
tains National Park, ll-13-XII-1979, G. Daniels and 
M.A. Schneider (UQIC #97075). Paratype females (2) 
same data as for holotype (UQIC #97074 and 97076). 
Diagnosis. A medium sized (mean length 11.5 mm) 
dark member of the concolor subgroup, superficially 
similar to S. (Ps.) aureohirta with shorter palpi less 
than one third the length of proboscis shaft, with 
bifusciate wing patterns as in S. (Ps.) quaclrimacula, 
but diagnosed by its smaller size, reduced narrow wing 
bands, concolorous dark greyish black scutum and 
abdomen, with hairs sparse yellow on scutum and 
creamy white on apical margins offi rst and second 
abdominal tergites. Differentiated from S. (Ps.) lasi-
opthalma by its blackish brown femora and overall 
darker coloration. 
Female. Mean length 11.5 mm (SD 0.6 mm, range 
11-12 mm). 
Head. Eyes with brown hairs above, cream below 
and at sides. Frons diverging index 3 .. 3, greyish brown 
at margins, slightly raised and darker brown at center, 
with dark brown hairs; ocellar tubercle slightly raised, 
dark brown to greyish, with dark brown to black hairs. 
Subcallus greyish brown, paler laterally, occasionally 
worn to dark brown at center, hairs sparse; parafacials 
greyish brown, darkening below, hairs creamy yellow 
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(A) (B) 1.0mm 
(C) (D) 
1.0mm 
Fig. 8. Scaptia ( Pseucloscione) turneri Lessard, sp. nov. Holotype female . (A) Dorsum. (B) Side. (C) Front. (D ) Profile. (Online 6. gure in color. ) 
dorsally , darker brown toward lo\ver half and creamy 
yellow toward 10\ver margins; face rather shiny, grey-
ish brown laterally and dark brown below antennae, 
hairs creamy yellow at sides and dark brown below 
each antennae. 
Antennae. First and second segments light brown, 
hairs mostly dark brown with some cream below; third 
bright yellow to orange, sometimes darkening at ex-
treme tip. 
Palpi.. Slightly less than one third length of pro-
boscis shaft;fi rst segment dark brown, hairs creamy 
yellow; second dark brown at margins with short black 
hairs, with a b1ight orange to brown concave bcu-e area. 
Beard cream to pale yellovv. 
Thorax . Scutum and scutellum dark gray to black 
with a slight bluish hue and without indications of 
vittae, clisc hair sparse yellow; notopleural hairs mixed 
black and golden yellow; supra- and postalar tufts 
dense, mixed with yellow and black, hairs mainly yel-
low on scutellum. Pleura light gray, occasionally 
brown where worn, with hairs predominantly cream 
to yellow. 
Legs. Coxae gray, hairs dull cream to yellow above 
and black below; fernora dark brov,rn to black, tibiae 
and tarsomeres brown, slightly darker on hind pair; 
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hairs predominantly black, with additional pale yellow 
hairs on femora, and a yellow to reddish brown zone 
on fore and hind tibiae and tarsorneres. 
vVings. Brownish gray, more yellowish anteriorly 
and slightly darker toward the basal cells, deep brown 
for almost the entire raclial area from the fork of Rs to tl1e 
tip of R2 + 3, with the dark color diffusing into the brown-
ish gray apical area, bands at both sides of discal cell 
appeming nan-ow m1d reduced. Veins yellowish brown; 
R4 angulate without appendix; cell R5 nmi:owly open. 
Abclonien. Uniformly dm·k gray to black, with a 
slight bluish hue, hairs short black on disc, with a 
variable meclian zone of cremny white hairs at apices 
of all tergites that is more pronounced on poste1ior 
tergites; lateral hairs dull cremn on tergites l and 2, 
black on 3 and 4, tergite 5 black at base and dull cream · 
apically, witl1 remainder of tergites forming a sparse 
dull cream tuft. 
Venter. First sternite greyish brown becoming 
more creamy brown toward mai·gins, hairs cream, re-
mainder of sternites dark brown to black with pre-
dominantly short dull cremn hairs. 
Remarks. Mackerras (1960) had identified two 
specimens of the species from Boompa, Queensland, 
' held in the ANIC, which were in poor condition and 
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(A) 1.0mm (B) 1.0mm 
(C) (D) 
1.0mm 
Fig. 9. Scaptia (Pseucloscione ) wiegmanniLessard, sp. nov. Holotype female. (A) Dorsurn. (B) Side. (C ) Front. (D ) Profile. 
( Onlinefi gure in color.) 
originally thought to be dark variants of S. (Pseu-
closcione) la.siophthalma.. 
Distribution. South-eastern Queensland (Fig. 2). 
Etymology. The specific epithet is in honor of Keith 
Bayless for his contribution to Tabanidae systematics. 
Scaptia (Pseudoscione) casseU Lessard, sp. nov. 
(Fig. 4) 
Type Material. Holotype female, Qld, Mount Mis-
ery, SW Cooktown, 15° 52' S 145° 1.3' E, 867 m, 20-1-
1994, G. Daniels, A. Daniels, and R. Eastwood ( GDCB 
#21857). Paratype females (5) same data as for Ho-
lotype ( GDCB # 10951, 218.54, 218.5,5, 21856, and 
21858). 
Other J\llaterial Examined. Qld: female (1) , Cape 
Tribulation, 3-1-1982, G. and A. Daniels (GDCB Reg 
#10950); female (1), Shiptons Flat, .31 km S Cook-
town, rainforest, 15° 47' S 14.5° 13' E, 21-1-1994, G. 
Daniels, A. Daniels, and R. Eastwood ( GDCB Reg 
#109.52). 
Diagnosis. A rather small species (mean length 11 
mm) similar to S. (Ps) baylessi, with bifusciate wing 
patterns, uniformly dark brown abdomen, and palpi 
less than one third of the proboscis shaft, but separated 
by its light brown scutum with traces of vittae, creamy 
white beard and pleural hairs , and brown femora. 
Female. Mean length 11 mm (SD 0.7 mm, range 
10-12 mm). 
Rea.cl. Eyes with short pale brown hairs. Frons 
diverging, index 3.4, greyish brown toward margins, 
slightly raised at center and dark brown where worn , 
hairs brown; ocellar tubercle slightly raised, greyish 
brown with long dark brown hairs. Subcallus fawn 
brown, lighter at base of antennae and eye margins; 
parafacials greyish fawn , becoming darker brown to-
ward lower margins, hair light brown, occasionally 
with cream hairs near the mid regions and cream y 
white toward the lower margins; face fawn brown, 
darker brown near center, hairs dark brown near lat-
eral margins. 
Antennae. First and second segments light brown, 
hairs dark brown; third bright orange to yellow, 
vaguely darkening at extreme tip. 
Palp-i. Shorter than one third length of proboscis 
shaft;fi rst segment light brown, hairs dark brown api-
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(A) (B) 
I 
(C) 1.0mm 
Fig.10. Scaptia (Pseucloscio11 e) tdegmanni Less,ud, sp. nov. Paratype male. (A) Dorsm11. (B) Side. (C ) Front. (D ) Profile. ( Onlinefi gme in color.) 
cally and creamy white near base; second orange 
brown with concave bare area, marginal hairs dense, 
short black. Beard creamy vvhite. 
Thorax . Scuturn greyish brown with extremely 
faint dorsocenb-al lines that do not exceed the trans-
verse sutw·e, lateral margins only slightly lighter 
brown; clisc hairs mixed ,vith dull yellow and brown, 
brown at pronoturn; notopleural tuft long black with 
some appressed golden brown hairs; supra- and posta-
lar tufts mixed ,1vith creamy white and black; scutellw11 
dark greyish brown at medial base with bluish hues, 
lighter brown at apical margins, hairs predominantly 
black with occasional pale yellow hairs . Pleura light 
gray to yellowish brovvn, hairs creamy white. 
Legs. Coxae light gray to yellowish brown, mixed 
with creamy white and dark brown to black hairs that 
are densest on fore coxae; femora yellowish brown 
with predominantly black hairs, dorsal hairs white on 
basal two thirds of hind and mid fernora; tibiae and 
tarsomeres yellowish brown, darker brown on hind 
pair, hairs predominantly short black, with golden 
brown ventral zone on fore legs. 
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vVings. Brownish gray, more yellowish ante1iorly 
and with clearer areas at tl1e basal and discal cells that 
fwi:her separate the two darker markings either side of 
the dis cal cell; deep brown for almost entire radial area 
from fork of R5 to tip of R2 + 3 , the darker color diffuses 
into the brownish gray color apically; veins yellowish 
brown; R-1 angulate; cell R5 narrowly open or closed 
with extremely short petiolate. 
Abdo·men. Uniformly dark brown with greyish blue 
hue, lighter brown onfi rst and second tergites; disc 
hairs dense black, with evanescent creamy white me-
dial zone and apical bands on tergites :3 onwards; 
lateral hairs creamy white on most tergites except for 
three and four which a.re mixed with additional black 
hairs. 
Venter. Sternite one light greyish brown with 
crean1 hairs , sternite two yellowish brown with some 
dark brown to black incursions, remainder of sternites 
becoming darker brown apically; disc hairs dark 
brown, with apical bands of crean1 hairs on all ster-
~ nites. 
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(A) 1.0mm (B) 1.0mm 
(C) (D) 
Fig. 11. Scaptia (Pseucloscione) mackerrasi Lessa.rel, sp. nov. Holotype female. (A) Dorsum. (B) Side. (C) Front. (D) 
Profile. ( Onlinefi gure in color.) 
Distribution. North-eastern Queensland, between 
Cape Tribulation and Cooktown (Fig. 2). 
Etymology. This specific epithet is in honor of Brian 
Cassel for his kind technical assistance in Diptera 
systematics. 
Scaptia (Pseudoscione) moritae Lessard, sp. nov. 
(Figs. 5 and 6) 
Type J\ilaterial. Holotype female, NSW, Boonoo 
Boonoo Falls, via Boonoo Boonoo, 24-1-1966, B. 
Cantrell (UQIC #97070). Paratype female ( 1) same 
data as Holotype female but collected by T. Wier 
(UQIC #97071). Paratype male ( 1) same data as for 
Holotype (UQIC #97072). 
Other J\!Iaterial Examined. Female (1), Qld, Tin-
nanbar, 2.5 km S, 25° 47' S 152° 53' E, 10 m, 9-X-2002, 
Burwell, Cook and Wright, MV Light (QM). 
Diagnosis. A medium sized (mean length 11.3 mm, 
SD 1.3 mm, range 11-13 mm), light brown species with 
creamy white beard, most similar to S. ( Pseucloscione) 
con.color, but distinguished by broader and more dor-
sally 1idged palpi, less obvious bifusciate wing pat-
terns, lighter greyish brown thorax without red tinting, 
contrasting with darker brown abdomen with distinct 
pale medial stripe at center of all tergites. 
Female. Mean length 12 mm (SD 1.4 mm, range 
11-13 mm). 
Head. Eyes with dense brown hairs. Frons diverg-
ing, index 2.7, slightly raised at center, brownish fawn, 
paler at margins, with brown hairs, ocellar tubercle 
dark brown, slightly raised with long dark brown hairs. 
Subcallus brownish fawn, paler laterally and without 
hairs; parafacials brownish fawn, with long dark brown 
hairs; face slightly gray to brownish fawn, slightly 
shining with long dark brown hairs. 
Anten:nae. Scape and pedicel brownish fawn with 
long black hairs; flagellomeres uniformly b1ight yel-
lowish brown, darkening at extreme tip of apical flag-
ellomere. 
Palpi. First segment brownish fawn with dark 
brown to black hairs above and cream below; second 
segment over one third length of proboscis shaft, 
slightly ridged dorsally, with bare area yellowish to 
orange brown, almost flat with short black marginal 
hairs. Beard creamy white. 
Thorax. Scutum and scutellum uniformly light gray 
to brownish fawn, paler anteriorly, with erect hairs on 
disc brown, suppressed hairs paler yellowish brown 
and hairs on posterior edge of scutum and scutellurn 
long pale yellow to light brown; notopleural hairs 
predominantly dull golden brown, with some black 
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ones; supra-alar tuft long, creamy golden brown, 
mixed vvith sparse black hairs, postalar tuft predomi-
nantly creamy white with some pale yellowish brown 
hairs anteriorly, sometimes with sparse black hairs. 
Pleura greyish white to pale yellowish brown, with 
creamy white hairs. 
Legs. Coxae greyish white to pale yellowish brown, 
with hairs creamy white above and long black below. 
Femora, tibiae, and tarsomeres light yellowish brown, 
becoming darker brown at apices; femora hairs mostly 
blonde with some black ventrally, fore and mid tibiae 
hairs short blonde to yellowish brown with intermit-
tent black dorsal hairs, hind tibiae with pale yellowish 
brown hairs, all tarsomeres with short pale yellowish 
brown hairs. 
vVings. Greyish, clearest at basal and discal cells, 
more yellowish radially, bifusciate wing pattern less 
obvious with second radial band at tip of R--1 + 5 dif-
fusing into the darker gray apical color; veins yellow-
ish brown; R4 angulate, without appendix; cell R5 nar-
rowly open or closed with extremely short petiole. 
Abdomen. Brown, somewhat shining, \vith charac-
teristic light yellowish brown medial stripe down cen-
ter of all tergites, and some vague darker brown mark-
ings; hairs on disc predominantly yellow to golden 
brown with occasional brown hairs densest at lateral 
margins offi rst two tergites; marginal hairs cream to 
yellowish brown onfi rst two tergites, yellowish to 
golden brown on remaining tergites. 
Venter. Shining yellowish brown with darker 
brown incw·sions and vague, rather sparse black mark-
ings, hairs mostly cream with some black in median 
zone. 
j\tfale. Slightly smaller (mean length 10.5 mm, SD 0.7 
mm, range 11-12 mm) and hairier than female , eyes 
with upper facets not obviously enlarged . First seg-
ment of palpi pale yellovvish brown with creamy yel-
low hairs; second segment subcylindrical, brownish 
fawn with dull orange brown bare area, hairs mostly 
short black with some lighter brown below at base. 
Remarks. The Paratype female has darker plew·a, 
frons , parafacials, and hairier face. This is interpreted 
as inb·aspecific variation because the specimen was 
collected at the same locality and time, and possesses 
the main features of the medial abdominal stripe and 
structural modification of the palpi. 
Distribution. South-eastern Qld to north-eastern 
NSvV (Fig. 2). 
Etymology. The specific epithet is in honor of 
Shelah Morita for her systematic work on the horse fly 
subfamily Pangoniinae. 
Scaptia (Pseudoscione) turcatelae Lessard, sp. nov. 
(Fig. 7) 
Type .Material. Holotype female , NE Qld, 3-5 km vV 
of Cape Tribulation (Sites 6-10) , 29-XII-1982 to 3-1-
1983, 500- 780 m, G.B. Monteith (QM ). 
Diagnosis. A small (length 11 mm) species with 
cream beard, superficially similar to S. ( Pse1..1closdone) 
casseli , but distinguished by its dark greyish brown 
scuturn, wings with the second band on the discal cells 
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being less pronounced than the darker band on the 
basal cells, and with a more shining abdomen with 
golden brown anterior tergites contrasting to the 
darker brown posterior. 
Female. Length 11 mm. 
Head. Eyes with dense brown hairs on upper half, 
pale cream on lower half. Frons diverging, index 3.0, 
brown, paler fawn along eye margins and darker at 
worn areas near center, hairs short brown; ocellar 
tubercle greyish brown, raised, hairs long black. Sub-
callus fawn brown, yellowish brown at worn center, 
hairs inconspicuous; parafacials fawn brown, hairs 
cream dorsally and brown ventrally; face shining, or-
ange brown, hairs pale cream. 
Antennae. Scape and pedicel orange brown, hairs 
predominantly black with some pale brown on lateral 
and ventral sides of scape; flagellomeres orange 
brown, darkening at exb·eme tip. 
Palpi. First segment fawnish brown, hairs cream; 
second segment over one third the length of the shaft 
of the proboscis, with almost flat orange brown bare 
area, marginal hairs short black. Beard creamy white. 
Thorax. Scutum and scutellum greyish brown, 
darker brown where worn, vvith a bluish gray dusting 
on the anterior of prescutum, brown where worn, with 
pale brown dorsocentral lines and lateral areas, scute-
llum lighter brown along posterior margin; disc hairs 
black, some cream on posterior margins of scutum and 
scutellum; notopleural hairs long black; supra- and 
postalar tufts black anteriorly and creamy white pos-
teriorly, conspicuous. Pleura pale gray to creamy 
brown, hairs predominantly creamy white, somewhat 
yellowish along dorsal margin of anepisternum. 
Legs. Coxae pale creamy brown, hairs long, creamy 
white above and black below. Femora dark brown on 
basal quarter of fore leg and basal three quarters of mid 
and hind leg, lighter brown elsewhere, hairs creamy 
yellow, mixed with black on ventral side of mid and 
hind legs; tibiae and tarsomeres brown on fore and mid 
legs with hairs black, fore legs with a pale brown 
ventral zone, hind legs dark brown to black with dense 
black hairs. 
vVings. Brownish gray, yellowish toward radial area 
of basal cells, clearer areas at basal cells and distal half 
of discal cells, with two bands at apices of basal and 
cliscal cells, with the latter being more evanescent and 
diffusing from the discal cell into the brownish gray 
apical color. Veins brown; R4 angulate without appen-
dix; cell R5 closed with short petiole. 
Abdonien. Shining, golden brown onfi rst two tergi-
tes , contrasting to the darker brown to black posterior 
tergites with obscure incursions of pale golden brown, 
hairs on disc black, without obvious vittae, some sparse · 
medial tufts on apices of tergites 2-4, marginal hairs on 
first tergite predominantly pale creamy yellow with 
some black, tergites 2 and 3 wit.11 predominantly pale 
creamy yellow hairs with some black on third, entirely 
black on fow-th, mixed pale creamy yellow and black 
onfi ft11 , with obvious pale creamy yellow tuft on sixth. 
Venter. Shining, golden brown, with a narrow, me-
dial dark brown distal area on second sternite broad-
,, ening outwards on remaining sternites, with obscw·e 
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golden brown incursions on posterior sternites, hairs 
on disc predominantly pale golden brown. 
Distribution North-eastern Queensland (Fig. 2). 
Etymology. This specific epithet is in honor of Mau-
reen Turcatel for her work on the tabanid subfamily 
Chrysopsinae. 
Scaptia (Pseudoscione) turneri Lessard, sp. nov. 
(Fig. 8) 
Type Nlaterial. Holotype female , N.E. Qld, Mt 
Finnigan summit slabs, 1,100 m, 1.5° 49' S 145° 17' E, 
20-21-XI-1998, C.J. Burwell (QM). Paratype females 
(5) same data as for Holotype; Paratype female (1) 
same location and altitude as Holotype, but with col-
lected on 20-22-XI-1998 by G. Moneith, P. Bouchard, 
and A. O'Toole (QM); Paratype females (6) , Qld, Mt 
Finnigan summit, S Cooktown, rainforest, 1,140 m, 
28-30-XI-1985, G. Monteith, D. Cook, and L. Roberts 
(UQIC #97321, 97322, 97323, 97324, 97326, and 
97341). 
Other Material Examined. N .E. Qld: female ( 1) , :3-5 
km W of Cape Tribulation, 500- 780 m, 29-XII-1982 to 
3-I-1983, G.B. Moneith (UQIC #97337); females (5) , 
Cardwell Range, Upper Broadwater Creek Valley, 
700-800 m, 17-21-XII-1986, Monteith, Thompson, and 
Hamlet (QM); female (1), C.R.E.B. track, 16.5 km N 
Daintree, rainforest, 520 m, 27-XII-1985, D.K. Yeates 
(UQIC #97084); female (1) , Mt Pieter Botte, 950 m, 
16° 04' S 145° 24' E, 21-XI-1993, Monteith, Janetzki, 
Roberts, and Cook (QM); female (1), North Bell Peak, 
Malbon Thompson Ra. , 800-1 ,000 m, 19-22-XI-1990, 
Monteith and Thompson (QM); females (3) , Upper 
Boulder Creek via Tully, 650-900 m, 24-27-X-1983, 
Monteith, Yeates, and Thompson (QM). 
Diagnosis. A medium sized species ( mean length 
11.5 mm) , most similar to S. (Ps.) bayless·i, but distin-
guished by its dull brown antennae and palpi, dense 
pale creamy yellow hairs on parafacials and creamy 
white hairs on posterior half of pleura. This species is 
the only member of concolor group without obviously 
banded patterns of the wing, possessing only a single 
evanescent brown marking at the apices of basal cells. 
Female. Mean length 11.5 mm (SD 0.7 mm, range 
10-12 mm) . 
Head. Eyes with pale brown hairs above and 
creamy yellow ones below. Frons almost parallel 
above the dorsal third and strongly diverging at base, 
index 3.0, slightly raised at center, greyish along mar-
gins, slightly raised and black at center, hairs black; 
ocellar tubercle slightly raised, black with black hairs. 
Subcallus gray along margins, brownish gray at center 
and base of antennae, worn areas at center black, hairs 
sparse, pale creamy yellow; parafacials greyish brown, 
hairs dense pale creamy yellow, occasionally mixed 
with black on lower third, yellow at extreme lower 
margin; face somewhat shining, gray at margins and 
dark brown at center, short yellowish brown hairs 
obscured by dense hairs of antennae and parafacials. 
Antennae. First and second segment dark brown to 
black with gray tomentum, second segment slightly 
lighter, both with long black hairs dorsally and long 
laterally, with pale yellow hairs ventrally; flagellum 
dull orange brown, darkening at tip. 
Palpi. First segment dark brown with gray tomen-
tum, hairs predominantly yellow; second segment one 
third the length of the proboscis shaft, dark brown to 
black with dull orange brown bare lateral concavity, 
marginal hairs short black. Beard yellow. 
Thorax. Scutum and scutellum shining, dark grey-
ish black with a bluish hue, scutum with indications of 
gray dorsocentral lines and paler anterior and lateral 
margins; disc hairs black; notopleural hairs black; su-
pra-alar tuft black, postalar tuft dense, conspicuous, 
predominantly cream posteriorly with some sparser 
black ante1iorly. Pleura gray, hairs predominantly yel-
low, hairs of anepisternum yellow at center and cream 
at margins, katepisternum tuft yellow above and 
cream below, katatergite tuft cream. 
Legs. Coxae gray, hairs black at lower margins, 
yellow dorsally on fore leg, and cream on mid and hind 
legs; femora dark brown to black, hairs mostly black, 
with cream dorsally on hind leg and basal third of mid 
leg; tibiae and tarsomeres brown, hind legs darker, 
hairs predominantly black, with lighter brown ventral 
zone on all tarsorneres and front tibiae, darker on mid 
legs. 
vVings. Hyaline to greyish, with yellowish radial 
area along costal cell near base, and with a single 
brown marking at apices of basal cells; veins yellowish 
brown; R4 angulate, sometimes with trace of appendix; 
cell R5 open. 
Abdomen. Shining, uniformly dull black with a 
slight bluish hue, somewhat lighter onfi rst two tergi-
tes; hairs on disc black, wjth obvious white medial tufts 
on apices of tergites 2 onwards, conspicuous pale 
creamy white lateral tufts on tergites 1, 2, ,5, and 6, 
lateral tufts completely black on tergites 3, 4, and 7. 
Venter. Sternite one greyish black with creamy 
white hairs, remainder dark brown to black, with 
lighter brown lateral margins on basal sternites; hairs 
on disc black, with creamy white hairs forming bands 
at apical margins of all sternites. 
Distribution. North-eastern Queensland, between 
Cape Tribulation and Cooktown (Fig. 2). 
Etymology. This specific epithet is in honor of Ste-
ven Tm-ner for his contribution to Diptera systematics. 
Scaptia (Pseudoscione) w-iegmanni Lessard, sp. nov. 
(Figs. 9 and 10) 
Type Material. Holotype female, NSW, Bawley 
Point, 3,5° 30' S 150° 24' E (CPS), 22-XI-1999, DCF 
Rentz (ANIC). Paratype females (7), same data as for 
Holotype, with the following differences: female ( 1) , 
,3-XII-1997, DCF Rentz; female (1) , 6-II-1998, DCF 
Rentz and K McCarron; female (1), 18-XII-1999, DCF 
Rentz; females (2), 21-I-2000, DCF Rentz; female (1), 
4-1-2001, DCF Rentz; female (1), 25-1-2001 , DCF 
Rentz. Paratype males ( 6), same location as Holotype 
but with the following differences: males (2) , 6-1-
1998, DCF Rentz and K McCarron ; male (1) , 22-I-
1994, DCF Rentz and K McCarron; male 
(1), 2-XII-1994, DCF Rentz and K McCarron; male 
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( 1), l-I-2001 , DCF Rentz ; 1 male, 26-I-2001 , DCF 
Rentz. 
Other Material Examined. Female (1), NSvV, De-
pot Beach, 10 miles NE of Batemans Bay, 30-XII-1967, 
IFB Common (ANIC ); females (2) , NSW, :Mimosa 
Rocks NP, Gillards Campsite, l-I-1996, MV Lamp and 
J Bugeja (ANIC) . 
Diagnosis. A robust species (mean length 13.8 mm, 
SD 0.9 mm, range 13-16 mm) , superficially similar to 
S. (Ps. ) lasiopthalma with relatively long palpi at least 
one third the length of the proboscis shaft, but sepa-
rated by its creamy white beard and pleural hairs , pale 
greyish brown scutum, dull yellowish brown abdon1en 
with basal tergites not sharply contrasting distal seg-
ments, bifusciate wing pattern less conspicuous and 
without obvious yellow basal cells. 
Female. Mean length 13.9 mm (SD 1.0 mm, range 
12-16 mm). Eyes with dense brown hairs above, more 
creamy yellow below. Frons diverging, narrow, frons 
index 4.0, slightly raised at center, greyish brown, fawn 
at margins, hairs short brown, ocellar tubercle slightly 
raised, brown with long black hairs. Subcallus pale 
fawn brown with pale creamy hairs at lateral margins; 
parafacials creamy fav,rn with relatively dense, long, 
dull creamy yellow hairs above and some black below; 
face pale brown to fawn, somewhat shining \,vith long 
black hairs at center and pale yellO\v to cream at 
margins. 
Antennae. Scape and pedicel brO\,vnish fawn, hairs 
predominantly black with some dull cream yellow 
venb·ally on both segments; flagellomeres bright or-
ange brown, darkening at extreme tip . 
Palpi . First segment fawnish brown v,rith cream 
hairs; second fawnish brown at margins with bright 
orange brown lateral concave bare area, marginal hairs 
short black. Beard pale yellow to cream. 
Thorax. Scutum and scutellum greyish brown, with 
indications of gray medial and dorsocentral lines and 
lateral margins, hairs on disc mixed with erect black 
and appressed dull crean1y yello\,l.r ones, densest in 
front of scutellum; notopleural tuft conspicuous, 
mixed pale creamy yellow and black; supra-alar and 
postalar tuft pale creamy yellow with some black hairs 
above. Plew·a pale greyish cream to fawnish brown, 
hairs entirely pale yellow to cream. 
Legs. Coxae pale greyish cream to fawnish brov,111, 
hairs pale yellow to cream, mid and hind coxae with 
some black hairs belovv. Fore and mid femora, tibiae 
and tarsomeres bright yellO\vish brown, slightly con-
trasting with darker brown hind legs, hairs predomi-
nantly pale yellowish cream with some black venb·ally 
at base, hairs on tibiae and tarsomeres golden brown 
venb·ally and black dorsally, hairs densest on hind legs. 
vVings. Gray, clearest at basal and discal cells, base 
and costal cells without obvious \,ring yellow staining, 
the t\,vo greyish brown bands extending across the 
apices of the basal and discal cells appear evanescent 
and sometimes discreet, with the banding at the discal 
cell diffusing into the gray apical color. Veins pale 
yellowish brown; R-1 angulate, \\ri.thout appendix; cell 
R5 closed at margins, ,\ri.tl1 or without short petiole. 
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Abclo·men. Dull yellowish brown, not obviously 
shining, with irregular black markings becoming more 
frequent from second tergite onwards, posterior tergi-
tes darker brown, not entirely black or strongly con-
trasting to basal tergites; hairs on disc black, vvith pale 
yellowish cream medial vittae on apices of:6. rst tergi-
tes, expanding into an apical fringe on remaining tergi-
tes , marginal hairs dense, predominantly cream onfirst 
and second tergites, mixed with black above and 
cream below on tergites 3-5, pale yellowish cream on 
6, mixed pale yellowish cream and black on tergite 7. 
Venter. First sternite creamy brown, remaining 
sternites bright yellowish brown with somewhat ir-
regular black markings along the lateral margins and 
median zone, occasionally darkening apical sternites; 
hairs on disc cream with a black medial zone on ster-
nites two onwards. 
Male. Similar to female but slightly smaller in size 
(mean length 13.5 mm, SD 0.5 mm, range 13-15 mm) , 
hairier and with hairs that are only slightly more yel-
lowish, dull, but not as distinctly bright yellow as in the 
males of S. (Ps.) lasiophthalma. Eyes with upper facets 
not ob\riously enlarged. Palpi subcylinchical, pale yel-
lowish cream with bright orange brown bare area \,vith 
black marginal hairs. Wings greyish, without yellow 
coloration on basal cells and \,rith only slightly more 
obvious banding than the female. Abdomen dull yel-
lowish brown, with less defined apical fringes of pale 
creamy yellow hairs , apical tergites are not uniformly 
black, but are instead a mottled yellowish brown. 
D istribution. South-eastern NSW (Fig. 2). 
Etymology. This specific epithet is honor of Brian 
Wiegmann for his conbibution to Diptera systematics. 
Scaptia (Pseudosc ione) mackerrasi Lessard, sp. nov. 
(Fig. 11) 
Type i\1laterial. Holotype female , NT, 39 km E of 
Alice Springs, 25-IX-1978, M.S. Upton and R.A. Barrett 
(A IC) . Paratype females (2), same data as for Ho-
lotype (ANIC); females (,3), T, 39 km E of Alice 
Springs, 23.41 S 134.15 E, 25-IX-1978, J.C. Cardale 
(ANIC); female (1), same data as previous vvith the 
exception of 26-IX-1978 (ANIC); females (2), NT, 39 
km E of Alice Springs, 5-X-1978, D.H. Colless (ANIC) ; 
females ( 4) , san1e data as previous, vvith the exception 
of 6-X-1978 (ANIC). 
Other j\,faterial Examined. T: female ( 1) , 33 km 
WNW of Alice Springs, 23.36 S 133.34 E, 30-IX-1978, 
J.C. Cardale (ANIC) ; female (1), 33 km WNvV of Alice 
Springs, 30-IX-1978, M.S. Upton and R.A. Banett 
(ANIC) ; female (1), 53 km Eby l of Alice Springs, 
6-X-1978, D.H . Colless (A IC) ; female (1) , san1e data 
as previous, malaise trap (ANIC); female (1), 30 km 
NvV by W of Alice Springs, 7-X-1978, D.H. Colless 
(Al'\JIC ); females (2) , Amadeus Basin, 29-IX-1962, P. 
Ranford (Al IC ); female (1), Finke Gorge Nat. Pk. 
Amphitheab·e, 5-IX-1973, G. Griffin (ANIC); female 
(1), James Ranges, 24.15 S 133.26 E , 22-IX-1978, M.S. 
Upton and R.A. Barrett (ANIC) ; female (1), same data 
as previous, with the exception of J. C. Cardale 
~ (ANIC) ; female (1) , Kings Canyon, 29-VIII-1973, K.L. 
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Taylor (ANIC); females (3), Mt Brunonia, Deep Well 
Station, S of Alice Springs, 26-VII-85, K. Marsters 
(ANIC) ; females (2), same data as previous, with the 
exception of 27-VII-8.S (ANIC); females ( 4), Nit Sol-
itaire, 30 km NW by W of Alice Springs, 23.32S 
1.33.38E, 29-D(-1978, J.C. Cardale (ANIC) ; female (1) , 
Roe Creek, 12 km SvV by W of Alice Springs, 23.46 S 
133.46 E, 27-IX-1978, J.C. Cardale (ANIC); female (1), 
Todd River, 9 km N by E of Alice Springs, 23.38 S 
133.53 E, 28-IX-1978, J.C. Cardale (ANIC) ; female (1) , 
Waterhouse Range, 12-X-1978, D.H. Colless (ANIC). 
SA: females ( 2) , Arcoona Ck. , Gammon Ranges, at 
light, l 7-IX-1956, G.F. Gross (SAM); female (1), Crest, 
Gammon Range, nr. Gammon Hills, l.5-IX-1956, 
G.F. Gross (SAM); female (1) , Flinders Ranges, 
Moolooloo , X-1915, J.W. Mellon (SAM); female (1), 
Italowie Gorge, hills above, 30-X-1955, E.T. Giles 
(ANIC ). 
Diagnosis. A small (mean length 9.5 mm) , black 
species with cream beard, dark brown to black legs 
with pale brown knees, shining, concolorous dark 
brownish black scutum and abdomen, the latter hav-
ing narrow golden brown bands on extreme apices of 
all tergites. Distinguished to all members of S. (Pseu-
closcione) by its more protuberant and bulging face , 
relatively short, pointed palpi with deep lateral con-
cavity and strong scutal vittae. 
Female. Mean length 9 .. 5 mm (SD 0.7 mm, range 
9-11 mm). 
Head. Eyes with hairs dark brown above and paler 
brown below. Frons strongly diverging, index 1.9, 
greyish brown, worn areas at center darker brown, 
ventral margins golden fawn , hairs brown; ocellar tu-
bercle dark brown, slightly raised, hairs long black. 
Subcallus fawnish brown, greyish along margins, hairs 
sparse creamy brown; parafacials greyish browr.. with 
creamy white hairs above and some darker brown 
below; face bulging to protuberant, shining, area be-
low antennae dark brown with brown hairs, lateral 
margins more greyish with creamy white hairs. 
Antennae. Scape and pedicel brown with gray to-
mentum, hairs dark brown; flagellum yellowish brown, 
darkening on apical four flagellomeres. 
Palpi. First segment dark brown with dark brown 
hairs above and white below; second segment pointed 
and relatively short, less than one third the length of 
the proboscis shaft, brown with deep concavity and 
with sparse dark brown marginal hairs. Beard white. 
Thorax . Scutum and scutellum shining concolorous 
black, with well pronounced gray median, dorsocen-
tral vittae and lateral margins, more brown laterally 
behind transverse suture, hairs on disc brown, white 
hairs on anterior margin of prescutum, scutellum hairs 
long black; notopleural hairs sparse, black with some 
cream; supra- and postalar tufts sparse, mixed with 
brownish black and creamy white. Pleura dark greyish 
brown, with entirely creamy white hairs. 
Legs. Coxae dark brown and slightly greyish, hairs 
predominantly dark brown on fore and mid pair and 
creamy white on hind legs . Femora dark brown to 
black, hairs long black with smaller golden brown zone 
on dorsal third of fore and mid legs, entirely creamy 
white on hind pair; tibiae and tarsi brown with pre-
dominantly brown hairs , with a pale golden brown 
ventral zone most obvious on fore legs. 
vVings. Brownish gray, basal cells with rather vague 
darker brown markings at apices and with yellowish 
radial area, stigma obvious brown; veins yellowish 
brown; R4 angulate, with or without appendix; cell R.5 
closed, long petiolate. 
Abdomen. Shining dark brown to black with nar-
row golden brown bands at extreme apices of all tergi-
tes , thefi rst three tergites with gray dusting, hairs on 
disc sparse and black,fi rst tergite with a medial black 
tuft and creamy white tufts adjacent the scutellum, 
remainder oftergites with evanescent median patches 
of creamy white hairs , marginal hairs entirely creamy 
white. 
Venter. Dark greyish brown on all sternites with 
narrow golden brown bands on extreme apices, hairs 
predominantly creamy white. 
Distribution. Southern NT around the Alice Springs 
region (Fig. 2). One specimen has been found from 
central eastern SA. This is over 1,200 km NW from the 
closest other member of S. ( Pseucloscione), being the 
furthest inland species recorded for the genus and 
significantly extending the known distribution of Scap-
tia into central Australia. 
Remarks. This cu1ious species has been provision-
ally placed within S. (Pseucloscione) based on the pro-
boscis length greater or equal to 1.5 times that of head 
height, distinctly diverging frons and relatively slen-
der palpi with deep lateral concavity. However, it also 
shares defining characteristics of S. ( Plinthina) , in-
cluding the strong scutal vittae, frons that is not raised 
at center, wings with obvious stigma, as well as a 
rotund and somewhat shorter flagellum that is more 
similar to S. (Myioscaptia). A case could be made to 
establish a new genus of Scionini comprising S. (Pseu-
doscione) mackerrasi. Nloreover, S. ( Pseucloscione) 
niaclcerrasi may be closest related to the ancient lin-
eage of Scapt-ia that gave rise to S. (Pseucloscione), S. 
(Myioscaptia), and S. (Pli.nthina) known today . More-
over, the more protuberant and projecting face of the 
species also suggests a strong link to the South Amer-
ican genera Fidena and Scione. 
Etymology. This specific epithet is in honor of Ian 
Mackerras for his dedication to the systematics of the 
Tabanidae. 
Discussion 
Morphological characters were successful in delim-
iting seven new species of Australian S. (Pseu-
closcione) , in addition to raising one species that was 
previously described as a subspecies. The new species 
S. (Pseucloscione) mackerrasi Lessard, sp. nov. signifi-
cantly extends the known distribution of Scaptia into 
central Australia. The nearest species of Scaptia is over 
700 km NE of Alice Springs belonging to another 
subgenus, Scaptia (Plinth:ina) am.heniensi.s Lessard, 
2011 , collected from Musselbrooke Creek, Lawn Hill 
National Park, Queensland (Lessard and Yeates 2011; 
Fig. 1). Furthermore, S. (Pseudoscione) 1nackerrasi. 
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Lessard, sp. nov. is > 1,200 km NW from the nearest 
species within the same subgenus, Scaptia (Pseu-
doscione) guttipennis (Ferguson 1924), recorded from 
Cleve, South Australia. Given the large geographical 
isolation and differences in morphology, a case could 
be made to separate S. (Pseucloscione) mackerrasi Les-
sard, sp. nov. from its current provisional placement 
within S. (Pseudoscione) and establish a new genus of 
Scionini. This would be aided by future molecular 
analysis , which could also evaluate the generic limits 
of the morphologically distinct S. (Pseudoscione) di-
visions in Australia, New Zealand, and South America. 
Assuming that the subgenus were to be divided into its 
three geographically distinct genera, the name Pseu-
dosc-ion e Lutz, 1918 would apply to South Ame1ican 
members, and Copidapha Enderlein, 1922 would be-
come available for the Australian taxa. 
Based on previous collection records from Austra-
lia, Scaptia was believed to be exclusively adapted to 
mild-temperate to subtropical environments (Mack-
erras 1960). Temperature and availability of soil mois-
ture was further thought to resbict the current dis-
tribution of Scaµtia , both regulating breeding 
behavior, larval development (although little is known 
regarding larval biology for the family) , frequency of 
adult emergence, and sustainability of flowers for 
feeding (Mackerras 1960 ). However, the distribution 
records for S. (Pseudosdone) mackerrasi Lessard, sp. 
nov., coupled with the known members of S. (Plin-
thina) adapted to cliier climates, demonstrate the abil-
ity of Scaptia to tolerate arid, cli·ought prone environ-
ments subjected to exb·eme temperatures. It is 
expected that more species of Scaptia could await 
discovery from other remote and arid regions of Aus-
tralia. 
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New species of the hairy-eyed horse fly subgenera Scaptia (Myioscaptia) 
Mackerras, 1955 and Scaptia (Scaptia) Walker, 1850 (Diptera: Tabanidae) 
from Australia 
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Abstract 
New material has accumulated in several Australian Museums since Mackerras' extensive 1960 's revision of the austral 
horse fly genus Scaptia Walker 1850, including one new species of Scaptia (Scaptia) Walker, 1850 and two new species 
of Scaptia (Myioscaptia) Mackenas, 1955. The new species are Scaptia (Scaptia) aurinigra Lessard, sp. n. and Scaptia 
(Myioscaptia) collessi Lessard, sp. n. both from Queensland, and Scaptia (Myioscaptia) lambkinae Lessard, sp. n. from 
Weste111 Australia . All new species are described and illustrated. Additionally, an updated key to species of Scaptia (My-
ioscaptia) is provided and includes all eleven known species of the subgenus . One novel species significantly extends the 
known distribution of the genus over 700 km fmiher NE into central Western Australia. 
Key words: Pangoniinae, Scionini, morphology, descriptive taxonomy 
Introduction 
Australian horse flies (Diptera: Tabanidae) are important pollinators of Eucalyptus, Leptospermum and other 
1nyrtaceous plants (Johnson and Morita 2006; Tillyard 1926 ; Lessard and Yeates 2012b; Mackerras 1957, 1960; 
Morita 2008). The fa1nily is more disreputable for the biting behaviour of females that can lead to the mechanical 
transmission of 1nicroorganis1ns causing a myriad of diseases affecting livestock, native mammals and even 
hu1nans (Foil et a l.1984; Foil et al.1988 ; Foil 1989; Krinsky 1976; Reid et al.2001; Scoles et al.2008; Spratt 1972a, 
1972b, 1974a, 1974b, 1975). The Australian species Scaptia (My ioscaptia) calliphora Macke1Tas 1955, Scaptia 
(Myioscaptia) ferromo ntana Daniels 2011, Scaptia (My ioscaptia) inopinata Fairchild & MackeITas 1977, Scaptia 
(Myioscaptia) vio lacea (Macquart 1850) and Scaptia (My ioscaptia) bancrofti (Austen, 1912) have all been 
rep01ied to attack humans (Macke1Tas 1960), with the latter two also feeding on cattle (Mackerras 1960; Fairchild 
and MackeITas 1977; Daniels 2011). 
The genus Scaptia usually c01nprises stout and hairy flies and is currently divided into seven subgenera, 
including Lepmia Fairchild 1969 (found in Brazil), Pseudomelpia Enderlein 1922 (Chile), Myioscaptia MackeITas 
1955 (Australia), Palimmecomyia Taylor 1917 (Australia) and Plinthina Walker 1850 (Australia), along with _the 
1nore widely dispersed and species-rich subgenera Pseudoscione Lutz in Lutz, Araujo & Fonseca 1918 (Australia, 
Argentina, Brazil, Chile, New Guinea and New Zealand) and Scaptia Walker 1850 (Australia, Chile, Peru, Bolivia, 
Argentina). 
Australian members of Scaptia (Scaptia) are mostly solidly built species, with relatively short and strong legs, 
distinguished from other subgenera by the parallel frons, large pointed and sabre-like palpi, and short and thick 
proboscis with large well-developed labella. In contrast, the Australian subgenus Scaptia (Myioscaptia) comprises 
small and rotund species, usually semi-metallic or metallic i-n colour. Some species are obvious blowfly mimics, 
resembling the general appearance of the calliphorid genera Calliphora Robineau-Desvoidy, 1830 and Lucilia 
Robineau-Desvoidy, 1830, as well as the sound, and directionless, low level approach in flight (Nicholson 1927; 
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Mackerras 1955, 1960). Moreover, it is only one of three Scaptia subgenera to have known larvae and pupae 
described, with the larvae of s01ne species having the unusual habit of developing in sandy cave floors, sandstone 
cliff ledges, as well as s01neti1nes coexisting with ant lion larvae (English 1955; Mackerras 1955, 1960). 
This study is part of a recent surge of taxonomic research currently being conducted on the Australian 
Tabanidae (Mackerras et al. 2008; Lessard and Yeates 2011, 2012a, 2012b). It has been over 50 years since Ian 
Mackerras' (1960) major revisions of the genus Scaptia. Since then, 1nany new species have accumulated in 
collections around Australia, including two species that have been recently described. Three new species are nained, 
illustrated and described herein, and an updated key to species for S. (Myioscaptia) is provided to include all eleven 
known species (Table 1 ). Don Colless collected the only specimen for one of the new species described below. 
TABLE 1. Species list of the Australian horse fly subgenus Scaptia (Myioscaptia) Mackerras, 1955. Asterisk indicates 
type species. 
Recognised species 
S. (M) calliphora Mackerras, 1960 
S. (M) collessi Lessard, sp.n. 
S. (M) bancrofti (Austen, 1912) 
S. (M) gibbula (Walker, 1848) 
Materials and methods 
S. (M) inopinata Fairchild & Mackerras, 
1977 
S. (M) lambkinae Lessard, sp.n. 
S. (M) muscula (English, 1955) 
S. (M)ferromontana Daniels, 2011 
S. (Jvf) nigroapicaUs Mackerras, 1960 
S. (M) nigrocincta Mackerras, 1960 
S. (M) violacea (Macquart, 1850)* 
Morphological terminology follows Mackerras et al. (2008). Speci1nens were examined using Zeiss dissecting 
microscopes. Photographs were acquired on a BK Plus Lab System featuring a P-51 Cam lift, Optics K2 Long 
Distance Microscope, and Helicon Focus software. All 1naterial is sourced from the Australian National Insect 
Collection at CSIRO Ecosystem Sciences, Canberra ACT, unless otherwise stated. Collection localities are 
displayed in Figure 1. 
A list of abbreviations is as follows: 
AM 
ANIC 
GDCD 
Qld 
QM 
WA 
WAM 
Results 
Taxonomy 
Australian Museum, Sydney, Australia 
Australian National Insect Collection, CSIRO Ecosystem Sciences, Canberra, Australia 
Greg Daniels Private Collection, Brisbane, Australia 
Queensland 
Queensland Museum, Brisbane, Australia 
Western Australia 
\Vestem Australian Museum, Perth, Australia 
Subgenus MYIOSCAPTIA Mackerras, 1955 
Scaptia Walker 1850, subgenus Myioscaptia Mackerras, 1955a, fig. 30, p. 496. Type species Pangonia violacea Macquart, 
1850, Australia, by original designation. Daniels (1989, 2011); Fairchild and Mackerras (1977); Mackerras (1955, p. 496, 
1960, p. 122). 
Genotype: Pangonia violacea Macquart, 1850, Australia, by original designation ofMackerras (1955, p. 496). 
Morphological diagnosis. Small (8-11 mm), rotund, blowfly mimicking species, usually bright 1netallic green 
to dull se1ni-metallic black in appearance, differentiated from the other subgenera of Scaptia by the short rounded 
and leaf-like palpi, clear wings and abdomen and scutum without distinct 1narkings. 
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Female. Length 8-11 1n1n. Frons usually parallel, someti1nes only slightly diverging dorsally and ventrally, 
narrow, slightly raised at centre. Face truncate to moderately bulging above, with depressions at base and sides, 
occasionally somewhat shining. Antennal scape and pedicel small, equal to width of stout, cylindrical flagellu1n 
with eight distinct flagellomeres, without projections. Palpi short, usually less than length of flagellum and less 
than one third the length of the proboscis shaft, flattened, broad to resemble the blade of a leaf, with a well defined 
flat bare area. Proboscis relatively s1nall, less than one and a quarter times head height, relatively slender, heavily 
chitonised, usually with well-developed labella that is usually greater than the width of the proboscis. Scutum 
1netallic or non-metallic, s01netimes shining, usually without conspicuous vittae rarely exceeding the transverse 
suture. Abdomen short and rotund, metallic or non-1netallic, sometimes shining, without obvious markings. Wings 
clear with prominent stigma; cell RS narrowed, or closed with a short petiole; cell M3 open; vein Ml without 
inflexion; R4 angulate, with or without appendix (Mackerras 1955, 1960). Mackerras (1960, p. 122) described the 
genitalia as "eight sten1ite with gonopophyses rounded; cerci rounded apically; lateral arms of furca relatively 
large, narrowly fused with lateral edge of 9th tergite. 
Male. Length 8-10 1mn. Eyes holoptic, with upper facets slightly enlarged. Palpi short, slender, cylindrical and 
blunt, with an obvious apical lateral bare area. Mackerras (1960, p. 122) described the genitalia as "hypopygium 
with aedeagus unusually long; coxites nonnal; style hooked and pointed at tip, but not unusually wide, and without 
strong hairs. 
N 
Ravenshoe 
WA NT 
~K ... "NP& an Jllll ~ 
Qld 
Mt Meharry 
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SA 
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1. 00 km 
.• 
FIGURE 1. The distribution of Scaptia (Myioscaptia) Mackerras, 1955 and Scaptia (Scaptia) Walker, 1850 species 
desc1ibed in this paper, noting the first records of Scaptia (Myioscaptia) from inland Western Aush·alia. Black locations 
represent new collection records for the novel species; grey rep!esent previous collection records for th~ subgenus S. 
(Myioscaptia) . 
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Key to females of Australian species of Scaptia (Myioscaptia) 
1. Dark, green to purplish or blackish species, with abdominal tergites metallic or semi-metallic, and usually a strong resem-
blance to certain blowflies ...... .... .. . ....... . ... . ... .... ...... . . .. . ... .. ..... ........ ........ . ......... 2 
Light grey to yellowish brown species, with at most apical tergites of abdomen shining .... . . ....... .. . ............. 10 
2. Thorax and abdomen, including venter, bright metallic green to dark purplish blue . ..... . .............. . ..... . ...... 3 
Scutum more or less covered with tomentum; abdomen usually dark and dull, venter non-metallic ... .. ... .. ........... 5 
3. Scutum black; abdomen with first two tergites orange brown, contrasting with apical black tergites . .. . . ..... . .. ...... .. . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ferromontana Daniels, 20 11 
Scutum and abdomen concolorous blueish green to purple . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4. Mesonotum with greyish prninose stripes; anepisternum dull greyish, less metallic ; hairs on margin of calyptral fold whitish . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . violacea (Macquart, 1850) 
Mesonotum otherwise; more brilliantly metallic, anepistemum metallic, shining; hairs on margins of calyptral fold black .... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . inopinata Fairchild & Mackerras, 1977 
5. A black species; abdominal tergites with apical bands of ashy hairs; legs brownish black. North Queensland .. .. ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . nigrocincta Mackerras, 1960 
Beard and pleural hairs creamy to deep gold; abdomen purplish blue to bronzy green or greenish black, with golden hairs , 
which are densest towards apex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
6. Cell RS open, or at most closed near wing margin without well-defined petiole; vein R4 with at most rndimentary appendix; 
palpi and legs bright yellowish brown . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Cell RS closed, with well-defined petiole; vein R4 with strong appendix; palpi and legs brown to dark brown. . . . . . . . . . . . 8 
7. Pal pi long and naiTow; basal flagellomeres swollen; abdomen without blueish hues and less hairy overall; legs with coxae hairs 
mixed black and gold, femora hairs dark brown to black . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . colless; Lessard sp.n. 
Palpi usually short, wide and rotund, sometimes narrower in northern species; basal flagellomeres cylindrical; abdomen with 
blueish hues, sometimes dark green to rich purple; leg hairs creamy gold on coxae and predominantly yellow on femora ..... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . bancrofti (Austen, 1912) 
8. Frans parallel with dark brown and creamy yellow hairs; palpi dark brown, concave laterally, slightly pointed; flagellum red-
dish brown basally, with tenninal three flagellomeres brownish black, sharply contrasting. Eastern Australia . .. ...... . ... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . calliphora Mackerras, 1960 
Frans more divergent with entirely dark brown hairs; palpi brown, short and rounded; flagellum more unifo1m orange to red-
dish brown. Western Australia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
9. Flagellum pale orange to reddish brown; palpi almost flat laterally; scutal vittae usually extending beyond transverse suture; 
legs dark brown; apical hairs on abdomen relatively dense ... . ....... .. ..... .. ............... gibbula (Walker, 1848) 
Flagellum bright orangey brown; palpi with lateral concavity; scutal vittae limited to the front of transverse suture only; legs 
entirely black; apical hairs on abdomen sparse ............. . .. . ................... . ......... lambkinae Lessard sp.n. 
10. A unifonnly light grey species; scutum and abdomen more or less covered with yellowish cream hair. . ............. .... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . muscula English, 1955 
A yellowish brown species; scutum and anterior half of abdomen more or less covered with tomentum and dull golden hairs; 
posterior half of abdomen shining dark brown to black. . ... . ...... . ... ... .............. n;groapicalis Mackerras, 1960 
New species 
Scaptia (Myioscaptia) co/lessi Lessard, sp.n. 
(Fig. 2) 
Type material. Holotype female, Qld, 18 kin north of Ravenshoe near The Craters, 28 Nov 1981 , D. H. Colless 
(AM). 
Diagnosis. A small (length 8 mm) Calliphora-like species, closely related to the Northern fonn of Scaptia 
(My ioscaptia) bancrofti (Austen, 1912), but distinguished as having longer, narrower palpi, flagellomeres swollen 
at base and tapering towards tip, abdomen less t01nentose, with dark brown to black tergites without blueish hues, 
coxae with 1nixed black and gold hairs, and femora with dark brown to black hairs. 
Female. Length 81run. Head. Eyes with pale brown hairs. Frons parallel, index 2.5, brownish grey with grey 
zones along margins, hairs dark brown to black; ocellar tubercle raised, dark brown to greyish with long dark 
brown hairs. Subcallus greyish fawn with a slight yellowish hue, lighter at base of antennae; parafacials greyish 
fawn, and with brown hairs at lower margins; face yellowish brown to greyish fawn with widened rows of dark 
brown hairs below each antennae. Antennae. 1st and 2nd segment greyish fawn with black hairs; 3rd yellowish 
brown with basal three flagellomeres swollen, remainder of flagellomeres conspicuously tapering at tip and 
darkening on apical two, contrasting. Pal pi. 1st seginent yellowish brown with dense brown hairs; 2nd flat, 
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relatively long, length twice as long as it is wide, obviously tapered, and with sparse pale yellow 1narginal hairs. 
Beard dull pale yellow to brown. 
Thorax. Scutmn and scutellu1n grey to light slate blue, shining, with pale grey 1nedian, dorsocentral lines, 
transverse suture and lateral 1nargins, hairs on disc black, supra- and postalar tufts mixed black and cream to gold. 
Pleura greyish brown, darkening below, hairs gold on pronotum and dense on upper anepistemu1n, dense gold on 
laterotergite, and with occasional 111ixed brown hairs on above posteriorly, remainder of hairs predominantly black 
with s0111e shorter golden hairs on katepisternun1. 
Legs. Coxae grey to yellowish brown, and with gold hairs dorsally and black ventrally; tarsi and tarsomeres 
slightly darker than yellow femora, hairs pred0111inantly black, with the exception of the hind femora with sparse 
golden hairs. 
Wings. Grey, s0111ewhat yellowish towards costal cell and basal cells; stigma inconspicuous yellowish brown; 
veins yellowish brown; R4 sinuous and with very short appendix; cell R5 widely open. 
(a) 
(c) 
..l 
I 
1.0mm 
1.0mm 
(b) 1.0mm 
(d) 1.0mm 
~ 
FIGURE 2. Scaptia (Myioscaptia) collessi Lessard, sp.n. Holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
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Abdomen. Shining, se1ni-metallic black, and with first tergite brown, re1nainder black with bronze to golden 
brown apical bands; hairs on disc golden, black on first tergite with s1nall medial tuft of mixed black and golden 
hairs, re1nainder of tergites with dense golden hairs at lateral margins. Venter. Shiny, all sternites black with golden 
apical bands, hairs short and golden. 
Remarks. The collection label declares that this specimen was caught "at light". Nothing further is known 
regarding the species behaviour. This species is closely related to Scaptia (Myioscaptia) bancrofti but notably 
differs fr01n either form to warrant recognition as a new species. 
Distribution. Known only from the holotype locality of north eastern Queensland (Fig. 1 ). 
Etymology. This specific epithet is in honour of the late Don Colless, research scientist and curator of Diptera 
in the Australian National Insect Collection (ANIC) from 1960 until 1987, and associated with the collection as an 
Honorary Fellow until 2012. Don Colless collected the only known speci1nen of this species. 
Scaptia (Myioscaptia) lambkinae Lessard, sp.n. 
(Fig. 3) 
Type material. Holotype female (1), WA, Karijini National Park, Juna Downs Road, Callitris Gorge, 3 km W of 
Mt Mossenson, at light, 22°48'S 118°26'E (GPS), 18 May 2003, K. Pullen & A. Zwick (ANIC). Paratype fe1nale 
(1), WA, Mount Meharry summit, hand net, 22°58'50"S 118°35'18"E (GPS), 1257 m, 19 May 2003, C. Lambkin, 
D. Yeates & J. Recsei (ANIC). Paratype fe1nale (1), WA, Pyramid Hill summit, hand net, 21 °35'41 "S 
117°33 '00"E (GPS), 229 m, 10 May 2003, C. Lambkin, D. Yeates & J. Recsei (ANIC). Paratype fe1nale (1), WA, 
Summit of Mt Meharry, 22.59°S 118.35°E, 28 June 1984, R.P. McMillan (WAM #79410). 
Diagnosis. A small, dark species superficially si1nilar to Scaptia (Myioscaptia) gibbula (Walker, 1848), but 
distinguished as being less hairy, with bright orangey brown flagellmn , legs entirely black, scutal vittae less 
obvious, limited to front of transverse suture only, and abdo1ninal tergites with sparser apical fringes of short black 
hairs. Length 11 lllln. 
Female: Length 11 min. Head. Eyes with dense brown hairs. Frons parallel, slightly diverging, index 2, black 
with dark brown hairs; ocellar tubercle slightly raised, black. Subcallus dark brown to black, shiny; parafacials 
black with yellow hairs, becoming brownish towards lower margins; face .. dark brown to black, shiny with dark 
brown hairs on each side below antennae. Antennae. 1st and 2nd segments dark brown to black with long black 
hairs; 3rd seg1nent dark orangey brown, darkening on apical flagellomere. Palpi. 1st segment black, with dense 
golden yellow hairs; 2nd segment brown, short, rounded and slightly pointed apically, with lateral concavity and 
very short brown hairs at margins. Beard golden yellow. 
Thorax. Scutum and scutellu1n dark greyish black, shining, without obvious 1nedian and dorsocentral lines or 
lateral 1nargins; hairs on disc grey to dull yellow; scutellum, supra- and postalar tufts conspicuous, mostly dull 
yellow, occasionally mixed with brown hairs. Pleura dark brown to black, hairs predominately golden yellow, 
except for anepisternal and katepisternal tufts mixed with dark brown to black. 
Legs. Coxa and femora black, tibiae and tars01neres dark brown, knees pale yellowish brown; hairs on coxa 
long, mixed dull yellow and brown, long dull yellow on fe1nora, short dense brown on tibiae and tars01neres. 
Wings. Grey, more yellowish and brown towards apical basal cells; stigma brown, subtle; veins brown; R4 
with short appendix; cell RS closed on wing margin. 
Abdomen. Shining metallic black, unhanded; disc hairs black, with dense golden yellow hairs towards lateral 
margins of all tergites, hairs black on apical tergite. Venter. Shining black; hairs dense, predominantly golden 
yellow. 
Distribution. Inland central west Western Australia (Fig. 1). This species further extends the known 
distribution of the subgenus over 700 km NE into central of Western Australia. 
Etymology. This specific epithet is in honour of Dr Christine Lan1bkin who collected several specimens of the 
species and for consistently providing material for exainination. 
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(a) (b) 
1.0mm 1.0mm 
,. 
(c) (d) 
1.0mm 1.0mm 
FIGURE 3. Scaptia (My ioscaptia) lambkinae Lessard, sp.n. Holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
Subgenus SCAPTIA Walker, 1850 
Scaptia Walker, 1850. Type species Pangonia aurata Macquart, 1838, Australia, by designation of Coquillett (1910, p. 603). 
Ferguson (1924, 1926). 
Scaptia Walker, 1850, subgenus Scaptia Mackerras 1955, p. 490. Daniels (1989); Mackerras (1960, p. 36). 
Genotype: Pangonia aurata Macquart, 183 8, Australia, by designation of Coquillett (1910, p. 603). 
Morphological diagnosis. Mostly solidly built species, with relatively sh01i and strong legs. Distinguished 
fro1n other subgenera by the parallel frons, large and pointed sabre-like palpi, and short, thick proboscis with large 
well-developed labella. 
Female. Length 7-18 mm. Frons narrow, usually parallel or slightly converging at base (index usually 2.0 to 
4.0) , slightly raised at centre for s01ne species, subcallus occasionally bulging and distinct. Face truncate, with 
depressions at base and sides, without obviously shining. Antennal scape and pedicel small, alinost equal to length 
of flagellu1n with eight distinct flagellomeres , widest on first basal seginent before tapering at tip, without 
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projections. Palpi long, usually equal or greater than the length of the flagellum and greater than half the length of 
the proboscis shaft, sometimes only shorter the flagellu1n length or than half the length of the proboscis shaft, 
usually laterally compressed, pointed and sabre-like, and a conspicuously broad lateral bare area. Proboscis short, 
usually as long as the height of the head, thick and heavily chitonised, with large, well-developed labella greater 
than the width of the proboscis. Scutum with or without conspicuous vittae, occasionally exceeding transverse 
suture. Abdomen usually stout and rotund, with or without obvious markings or patterns. Wing usually clear, 
occasionally spotted at crossveins or with radial suffusion; stigma mostly inconspicuous; cell RS usually open, 
someti1nes nan-owed, rarely closed; cell M3 open; vein Ml without inflexion; R4 angulate, with or without 
appendix (Macken-as 1955, 1960). Macken-as (1960, p. 36) described the genitalia as having the "eighth stemite 
with gonopohyses often rounded; cerci often truncate apically; lateral arms of furca not fused with 9th tergite. 
Male. Length 7-15 1nm. Eyes holoptic, with upper facets slightly enlarged. Palpi short and slender, cylindrical, 
blunt at tip, and with an apical lateral bare area. Mackerras (1960, p. 36) described the genitalia as having the "style 
of hypopygium finger-like, rounded at tip. 
New species 
Scaptia (Scaptia) aurinigra Lessard, sp.n. 
(Figs. 4 & 5) 
Type material. Holotype fe1nale, Qld, Rockpool Gorge, Mount Walsh National Park, Biggenden, 4 Oct., 1976, H. 
Frauca (ANIC). Paratype 1nale same data as for Holotype (ANIC). 
Diagnosis. A small, dark, 1nuscoid-like species superficially rese1nbling S. (Myioscaptia), but placed within S. 
(Scaptia) due to its long sabre-like palpi exceeding half the length of the proboscis shaft, most similar to Scaptia 
(Scaptia) minuscula Macken-as, 1960, but distinguished by its scutum without vittae, unbanded abdomen, 1nostly 
clear to slightly greyish wings, orange to yellow antennae, and dark brownish black beard and legs. Length 8-9 1nm. 
Female. Length 9 mm. Head. Eyes with short, brown hairs. Frans parallel, index 2.2, dark brown-black, with 
dull golden fawn around eye margins that meets at median callus, hairs dark brown-black; ocellar tubercle black. 
Subcallus brownish fawn, becoming darker towards base of antennae; parafacials brownish fawn with dark brown 
hairs at lower margins; face brownish fawn, darker at centre, with short brown hairs on each side below antennae. 
Antennae. Scape and pedicel pale brownish fawn to orange, with black hairs; flagellum bright yellow to orange, 
concolorous, and tapering at tip with segmentation less conspicuous. Palpi orange to brown; 1st segment with 
large, black hairs; 2nd segment with distinct pale orange-brown concavity and very short black hairs at margins. 
Beard dark brown-black. 
Thorax. Scutum and scutellu1n black, with a vague blueish hue, rather shiny, without grey median, 
dorsocentral and lateral margins lines, hairs on disc entirely black, post-alar tuft pred01ninantly black. Pleura dull 
greyish brown-black, with hairs entirely black, including propleural, hypopleural and squainal tufts. 
Legs. Coxae, femora, tibiae and tarsomeres entirely dark brown to black, concolorous, hairs dark brown, 
except for pale ventral zone on all tarsi and fore tibiae only. 
Wings. Clear to faintly greyish; stig1na brown; veins brown; R4 angulate, without appendix; cell RS widely 
open. 
Abdomen. Shining 1netallic black, with a vague blueish hue, becoming slightly duller and greyish towards 
apical tergites, hairs black on disc and on abdo1ninal 1nargins, without banded appearance, with somewhat lighter at 
apical margins on tergites. Venter. Black with blusih hues on apical half of sternites, brown on basal half, becoming 
duller grey from stemites four onwards, with predominantly black hairs. 
Male. Length 8 mm. Upper facets of eyes enlarged, hairs very dense, golden brown. Parafacials browner than 
fe1nales, with dense brown hairs. Palpi rod-like, long, slightly pointed with large apical lateral bare area with long 
brown to black hairs. Apical segments of abd01nen shining with a slightly deeper purple to blueish hue than 
females. 
Distribution. Known only fro1n the type locality of south eastern Queensland. 
Etymology. This specific epithet is derived from the latin auri, gold, and nigra, black, referring to the bright 
yellow antennae which sharply contrast the black scutum, abd01nen and legs. 
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Remarks. This species is keyed out in couplet 11 ofMacke1Tas (1960, p. 39) key to the Australian S. (Scaptia) 
species. Furthen11ore, it 1nay provide a link between S. (Scaptia) and S. (Myioscaptia) as it shares the general 
1nuscoid-like appearance of the latter subgenus, and only substantially differs in its long sabre-like palpi conserved 
to S. (Scaptia) species. 
(a) 
(c) 
1.0 I11111 
1.0 1nm 
I 
I 
, I 
(b) 1.0mm 
(d) 1.0mm 
FIGURE 4. Scaptia (My ioscaptia) aurinigra Lessard, sp.n. Holotype female: (a) dorsum; (b) side; (c) front; (d) profile. 
Addendum 
The Holotype of Scaptia (Plinthina) nigripuncta Lessard, 2011 in Lessard and Yeates (2011, p. 250) is in fact 
lodged within the QM, instead of the ANIC as originally listed. Similarly, the entire set of type material of Scaptia 
(Pseudoscione) casseli Lessard, 2012 in Lessard and Yeates (2012b, p. 12) will be lodged within the AM, instead 
of GDCB as originally listed. 
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(a) (b) 
1.0 1nn1 1.0 ITIITI 
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\ \/ 
/ 
(c) (d) 1.0 1nm 
1.0mm 
FIGURE 5. Scaptia (Scaptia) aurinigra Lessard, sp.n. Holotype male: (a) dorsum; (b) side; (c) front; (d) profile. 
Discussion 
Several recently described species of Scaptia have extended the known distribution of the Scionini into unexpected 
regions of Australia. These include areas where the tribe was previously though absent or unable to survive, despite 
some regions having an extensive history of entomological collection. The new species Scaptia (Myioscaptia) 
lambkinae Lessard, sp.n. extends the known distribution of the Scionini over 700 km further NE into central 
Western Australia where it has not been previously collected. In addition, the species Scaptia (Plinthina) 
arnhemensis Lessard, 2011 and Scaptia (Plinthina) nelsonae Lessard, 2011 were the first records of the Scionini 
fr01n the northern coast of central Australia, including northeast of the Northern Territory and Western Australia, 
respectively (Lessard and Yeates 2011). The most significant extension corresponds to Scaptia (Pseudoscione) 
mackerrasi Lessard, 2012, collected fro1n Alice Springs in the Northern Territory, and is the only central species of 
Australian Scionini (Lessard and Yeates 2012b ). The nearest recorded species to this was over 700 km NE of Alice 
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Springs belonging to S. (Pl.) arnhemensis Lessard, 2011 collected fro1n Musselbrooke Creek, Lawn Hill National 
Park, Queensland. Moreover, S. (Ps .) mackerrasi Lessard, 2012 is located over 1200 km NW from the nearest 
species recorded fro1n within the san1e subgenus, Scaptia (Pseudoscione) guttipennis (Ferguson, 1924), Cleve, 
South Australia. 
The Australian Scionini were previously considered to be limited to 1nild-temperate to subtropical 
environments, as the 1najority of species are restricted to the Australian coast (Mackerras 1960). Temperature and 
availability of soil moisture were further thought to restrict the distribution of the tribe, both regulating breeding 
behaviour, larval develop1nent in soil or plant substrate, frequency of adult e1nergence, and sustainability of flowers 
for feeding (Mackerras 1960). The recently described species, in particular S. (Ps.) mackerrasi Lessard, 2012 and 
S. (M) lambkinae Lessard, sp.n., are the first records of the Scionini to occur in inland Australia. Both species 
were collected within close proximity to gorges, presumably surviving desiccation by taking advantage of cooler 
temperatures during the day and an increase in water availability for larval develop1nent. Based on these collection 
records, the Scionini appear to be adapted to tolerate and persist in dry, drought prone regions of Australia that are 
often subjected to extreme temperatures. Therefore, additional Scionini species are expected to occur in more 
remote arid regions of Australia. 
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Afterword: Chapters Three to Six 
Traditional morphological characters were useful in diagnosing and describing 18 novel 
species of Australian and New Zealand Scionini presented in Chapters Three to Six. 
These included five novel species of Scaptia (Plinthina) (Chapter Three), three novel 
species of the novel genus Anzomyia Lessard, 2012 (Chapter Four), seven novel species 
of Scaptia (Pseudoscione) (Chapter Five), two new species of Scaptia (Myioscaptia) and 
one new species of Scaptia (Scaptia) (Chapter Six). Not only were these new species 
described and illustrated, the new taxa were also included in the updated taxonomic keys 
to species for the respective genera and subgenera. The amended taxonomic keys now 
include all the known species of the Australian and New Zealand Scionini. This will 
ultimately aid in the subsequent morphological identifications of species collected for the 
large molecular analyses assessing the phylogenetic relationships and biogeography of 
the Scionini (Chapter Seven). Furthermore, the newly described species can now be 
incorporated into the formal taxonomic revision of the tribe (Chapter Eight). 
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1. Introduction 
ABSTRACT 
Phylogenetic relationships within the Tabanidae are largely unknown, despite their considerable medical 
and ecological importance. The first robust phylogenetic hypothesis for the horse fly tribe Scionini is pro-
vided, completing the systematic placement of all tribes in the subfamily Pangoniinae. The Scionini con-
sists of seven mostly southern hemisphere genera distributed in Australia, New Guinea, New Zealand and 
South America. A 5757 bp alignment of 6 genes, including mitochondrial (COi and COIi ), ribosomal (28S) 
and nuclear (MTS and CAD regions 1, 3 and 4 ) genes, was analysed for 176 taxa using both Bayesian and 
maximum likelihood approaches. Results indicate the Scionini are strongly monophyletic, with the exclu-
sion of the only northern hemisphere genus Goniops. The South American genera Fidena, Pityocera and 
Scione were strongly monophyletic, corresponding to current morphology-based classification schemes. 
The most widespread genus Scaptia was paraphyletic and formed nine strongly supported monophyletic 
clades, each corresponding to either the current subgenera or several previously synonymised genera 
that should be formally resurrected. Molecular results also revea l a newly recognised genus endemic 
to New Zealand, formerly placed within Scaptia. Divergence time estimation was employed to assess 
the global biogeographical patterns in the Pangoniinae. These analyses demonstrated that the Scionini 
are a typical Gondwanan group whose diversification was influenced by the fragmentation of that ancient 
land mass. Furthermore, results indicate that the Scionini most likely originated in Australia and subse-
quently radiated to New Zealand and South American by both long distance dispersal and vicariance. The · 
phylogenetic framework of the Scionini provided herein will be valuable for taxonomic revisions of the 
Tabanidae. 
© 2013 Elsevier Inc. All rights reserved. 
The Tabanidae, commonly referred to as horse, deer or march 
flies, are a large cosmopolitan Dipteran family with nearly 4400 
described species (Pape and Thompson, 2012). The family exhibits 
sexual dimorphism in feeding habits, as adult females are typically 
blood-feeding, whereas males are nectar feeding. Consequently, fe-
male horse flies are principal vectors of many disease-causing 
microorganisms accumulated in the mouthparts, salivary glands 
and /or tarsi that are mechanica lly transferred during feeding. 
Horse flies spread anaplasmosis (Sco les et al., 2008) and bovine 
leukaemia virus (Foil et al., 1988) in cattle, equine infectious anae-
mia in horses (Foi l et al., 1984), and the filarial nematode Peledtus 
roemeri and trypanosomiases (Reid et al., 2001) in kangaroos and 
wallabies (Spratt, 1972a,b, 1974a,b, 1975). Humans can also be af-
fected by the feeding habits of females, including infections of loi-
asis, tularaemia and even anthrax (Kri nsky, 1976; Foil, 1989). 
In contrast, nectar-feeding by adult horse flies reinforces the 
ecological importance of the family as vita l pollinators Uohnson 
and Morita, 2006; Lessard and Yeates, 2012b; Mackerras, 1957, 
1960). Myrtaceae are commonly frequented by horse flies in the 
southern hemisphere, including Eucalyptus, Grevillea and Melaleuca 
in Australia, Leptospermum in both Australia and New Zealand , and 
Luma in South America (Lessard and Yeates, 2012b; Mackerras, 
1957, 1960; Tillyard, 1926). 
The taxonomy of the Tabanidae is fairly stable as a result of the 
extensive work of Mackerras (1954, 1955 ) who provided a classifi-
cation scheme that is still in use today. This scheme is based on 
external and genital characters of adults and includes four subfam-
ilies, with further division into one to fo ur tribes: Chrysopsinae 
* Corresponding author at: Australian National Insect Collection. CSIRO Ecosys-
tem Sciences, Black Mountai n Laboratories, PO Box 1700, Canberra , ACT, Australia. 
E-mail address: bryan.lessard@csiro.au (B.D. Lessard ). 
1055-7903 /$ - see front matter © 2013 Elsevier Inc. All rights reserved . 
http ://dx.doi .org/10.1016/j.ympev.2013.04.030 
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(Bouvieromyiini, Chrysopini and Rhinomyzini), Pangoniinae (Myc-
teromyiini [added by Coscar6n and Philip (1979) ], Pangoniini, Phi-
lolichini and Scionini), Scepsidinae, and the largest of the 
subfamilies Tabaninae (Diachlorini, Haematopotini and Tabanini). 
The subfamily Pangoniinae has a near global distribution, with 
members usually possessing a long proboscis and relatively long, 
slender legs that are well adapted to grasping flowers (Mackerras, 
1955). Currently the Pangoniinae consists of four tribes: the Myc-
teromyiini (Neotropical in distribution), Pangoniini (Australasian, 
Nearctic, Neotropical and Palearctic), Philolichini (Afrotropical, 
Australasian and Oriental) and the Scionini (Australasian, Nearctic 
and Neotropical) (Coscar6n and Philip, 1979; Lessard and Yeates, 
2011, 2012a,b ; Mackerras , 1954, 1955; Morita, 2008 ). 
The Scionini are mostly stout, bearded and hairy-eyed flies. The 
tribe is currently divided into seven genera, of which some are fur-
ther divided into subgenera (Fig. 1): Anzomyia Lessard, 2012, Cae-
nopangonia Krober, 1930, Fidena Walker, 1850, Goniops Aldrich, 
1892, Pityocera Giglio-Tos, 1896, Scaptia Walker, 1850, and Scione 
Walker, 1850. The tribe occurs predominantly in the southern 
hemisphere (Coscar6n and Wilkerson, 1985; Coscar6n and Gon-
zalez, 2001; Coscar6n and Iide, 2003; Lessard and Yeates, 2011, 
2012a,b; Mackerras, 1957, 1960, 1961, 1964; Oldroyd, 1947; Wilk-
erson and Coscar6n, 1984), with the exception of the monotypic 
genus Goniops that is endemic to the Nearctic. The two peculiar 
genera, Caenopangonia and Goniops, notably differ from the 
remainder of Scionini by possessing bare eyes and an extremely 
widened frons. 
The genus Scaptia is the most species-rich of all the Scionini and 
has an exclusive southern hemisphere distribution in Australia, 
New Guinea, New Zealand and South America. The genus is further 
Anzomyia Lessard, 2012 
4 spp. 
D Caenopangonia Krober, 1930 -
3 spp. 
Fidena Walker, 1850 
99 spp. 
II 
J/11. anomalti (Mack., I 960)• 
G , ·· · Aid·· h 1892 01lOpS -.. llC, . .. 
Monotypic 
■ 
G. c/11:vsocomu Aid., 1892* 
Scione Walker, 1 850 
41 spp. 
li= 
Sc. i11t·o111p/.,1a (Macq., 1846)• 
'! 
'· ~ 
'\"""~'"'\ . 
--
,, \ 
C liirripalpis (Big .. 1892)* 
Pityocera Giglio-Tos, 1896 ■ 
5 spp. 
P. ( £/aphella) 1 sp. 
I '. (Pifvocera/ l ,p. 
1~ ( l's<'Udelaphellct) 3 spp. 
I' /esrae Gig .. 1896* 
F. I Fidena) 94 spp. 
F. f f,aphriomyiu) 3 spp. F. (lep1ojide11a) I sp. 
F. (,\'eop,mgonio) I sp. F le11copago11 (Wied., 1928)0 
Scaptia Walker, 1850 
134 spp. 
□ 
S, (lepmiaJ 2 spp. 
S. (P,,/immeca111yia) 2 spp. 
S. ( ['s(;!r1Clo111rdpi(I) I ,p. 
S. (Scap!hr) 41 spp. 
S. (,\~)'ioscap1ia1 11 spp. 
S. (f 'f/,,rhimr) l 2 ,pp. 
S. (Psi!udosciu11e) 65 spp. 
S. aura/a ( i\-lacq.. I 838 )" 
Fig. 1. The genera and distribution of the Scionini, including subgenera and species richness. All type species are illustrated, with the exception of Caenopangonia brevirostris 
(Philippi, 1865 ). 
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divided into seven subgenera (Fig. 1 ), including Lepmia Fairchild 
1969 (found in Brazil ), Pseudomelpia Enderlein, 1922 (Chile ), Myio-
scaptia Mackerras, 1955 (Australia ), Palimmecomyia Taylor 1917 
(Australia ), Plinthina Walke r, 1850 (Australia ), Scaptia Walke r, 
1850 (Australia, Chile, Peru , Bolivia, Argentina ) and Pseudoscione 
Lutz in Lutz, Araujo and Fonseca 1918 (Australia, Argentina, Brazil, 
Chile, New Guinea and New Zealand ). 
The taxonomy of the family below the tribal level is challenging 
and the phylogenetic relationships are largely unknown. The iden-
tification and classification is hindered by the typical lack of defin-
itive characters fo r genera and species, particularly demonstrated 
in the genitalia where large structural differences do not corre-
spond with differences in external morphology, which often can-
not aid in species identification (Mackerras, 1955 , 1960). 
Preservation can also impact on common diagnostic characters, 
such as the augmentation of proboscis length during death (Wilk-
erson and Coscar6n, 1984), which can impede subgeneric diagno-
ses, or colour fading that can affect species-level identification of 
specimens (Mackerras, 1960 ; Mackerras et al. , 2008 ). 
Modern workers have found strong support for the monophyly 
for the Tabanidae, based on both morphological (Mackerras, 1954; 
Yeates , 2002) and molecular evidence (Morita, 2008 ; Wiegmann 
et al., 2000, 2003, 2011 ). Molecular data has been recently success-
ful in reconstructing phylogenetic histories for the Tabanidae. 
Wiegmann et a l. (2000) used the ribosomal 28S gene to demon-
strate the well-supported monophyly of the Tabanidae, with each 
major subfamily recovering as monophyletic, including two spe-
cies of the Chrysopsinae, four species of the Tabaninae, and two 
species of the Pangoniinae, each belonging to the Mycteromyiini 
and Pangoniini (Wiegmann et al. , 2000; Fig. 2, p. 1035 ). Mori ta 
(2008 ) was the first to explore the phylogenetic relationships of 
the Tabanidae below the subfamily level using Cytochrome Oxi-
dase Subunit One (COI ) and the first fragment of the nuclear pro-
tein-coding gene carbamoyl-phosphate synthetase-aspartate 
transcarbamoylase-dihydroorotase (CAD1 ; Moulton and W ieg-
mann, 2004). This previous study demonstrated strong support 
for the monophyly of each subfamily, however, focused only on 
the t ribes Pangoniini and Philolichini from the subfamily Pangonii-
nae and did not include members of the tribe Scionini. Other stud-
ies on the systematics of the Tabanidae remain extremely limited. 
The phylogeny and taxonomy of the Scionini is thus unclear and 
h indered by the limited availability of reliable morphological char-
acters . Moreover, the original descriptions for many genera are fre-
quently insufficient and provided with little systematic context, 
with many genera often presented without a formal description 
or solely mentioned in either a taxonomic key or checklist of spe-
cies (Enderlein, 1922, 1925 ; Lutz et al. , 1918). The present study 
employs molecular data to provide the first robust quantitative 
phylogenetic framework and insight into the evolution of the Scio-
nini, with a focu s on the widely dispersed genus Scaptia . It extends 
the work of Morita (2008 ) by testing the utility of current morpho-
logical classification schemes within the Tabanidae. Divergence 
t ime estimation and the fossil record is used to determine whether 
the current distribution of the Scionini is a result of the sequential 
fragmentation of the ancient supercontinent of Gondwana, as well 
as providing insights into the origin of the tribe. 
2. Materials and methods 
2. 1. Taxon sampling 
Scionini specimens were collected from a range of localities in 
Australia , New Zealand and the Americas (Table 1 ). Six out of the 
seven Scionini genera were sampled, including the monotypic 
Goniops, four species of Fidena, one species of Pityocera, 7 species 
102 
of Scione, one species of Anzomyia, and for the subgenera of Scaptia, 
three species of Scaptia (Myioscaptia), four species of Scaptia 
(Plinthina), 27 species of Scaptia (Pseudoscione ), and 16 species of 
Scaptia (Scaptia ). Specimens were identified to species using mor-
phological keys to adults (Coscar6n and Wilkerson, 1985; Krober, 
1930a,b, 1933; Lessard and Yeates , 2011 , 2012a,b, 2013; Macker-
ras, 1957, 1960; Wilkerson and Coscar6n, 1984) and compared 
with previously collected material held in the Australian National 
Insect Collection (ANIC), CSIRO Ecosystem Sciences, Canberra, Aus-
tralia, the Natural History Museum (NHM ), London, UK, the North 
Carolina State University (NCSU ) Insect Collection, Raleigh, USA, 
and the Smithsonian Institution (SI ), Washington DC, USA. Horse 
fly specimens were preserved in absolute ethanol and stored at -
20 °C at either the ANIC or NCSU Diptera collections. 
2.2. The fossil Tabanidae 
There are currently five recognised compression fossils of the 
Tabanidae from the Lower Cretaceous, including Cratotabanus ste-
nomyomorphus Martins-Neto and Santos, 1994 and Cratotabanus 
sp. Ma rtins-Neto, 2003 (both 121-99 MY; Crato Formation, Brazil; 
Grimaldi et al. , 2011 ; Martins-Neto, 2003 ; Martins-Neto and San-
tos, 1994), Eopangonius pletus Ren, 1998 (127-121 MY; Yixian For-
mation, China; Ren, 1998 ), Eotabanoid lordi Mostovski, 
Jarzembowski and Coram, 2003 (144-140 MY; Upper Berriasian 
Durlston Formation, England; Mostovski et al. , 2003 ) and Laiyangi-
tabanus formosus Zhang, 2012 (145-140 MY; Late Tithonian, Upper 
Jurassic to Early Berriasian, Lower Cretaceous; Laiyang Formation, 
China; Zhang, 2012 ). Unfortunately, many of these fossils cannot 
be accurately assigned to a particular subfamily due to the failed 
preservation of key diagnostic features, such as the hind tibial 
spurs, antenna! flagellum and ocelli (Mostovski et al. , 2003 ; Zhang, 
2012 ). 
The fossils originally described by Ren (1998 ) in the subfamily 
Pangoniinae have either been criticised as belonging to that sub-
family or have been subsequently removed altogether from the 
Tabanidae. Based on the preserved wing morphology, Grimald i 
et al. (2011 ) identified Palaepangonius eupterus Ren, 1998 (127-
121 MY; Yixian Formation, China; Ren, 1998 ) as being inconsistent 
with the Tabanidae, and the genus was eventually transferred to 
the Athericidae (Zhang, 2012 ). Furthermore, E. pletus is no longer · 
recognised as a member of the Pangoniinae and cannot be assigned 
to any subfamily due to the failed preservation of the diagnostic 
hind tibial spurs and antenna! flagellum (Zhang, 2012 ). Similarly, 
Baissomyia redita Mostovski, Jarzembowski and Coram, 2003 
(137-127 MY; Lower Cretaceous; Zaza Formation, Russia; Mostov-
ski et al. , 2003 ), which was provisionally described within the 
Tabanidae, cannot be confidently placed within the family due to 
the poor preservation of the wings and is currently recognised as 
a stem group of the Tabanomorpha (Mostovski et al. , 2003 ). At 
present, the compression fossils E. lordi and La. formosus, which 
span two continents (China and the UK), are considered to be the 
oldest and most reliable fossils of the Tabanidae based on the al-
most complete preservation of the wings, confirming the secure 
placement of these fossils within the family (Mostovski et .al., 
2003 ; Zhang, 2012 ). Therefore, the known ages of these two inde-
pendent fossils will be valuable for estimating the divergence 
times of the Tabanidae presented in this study (Section 2.5 ). 
2.3. DNA extraction, amplification and sequencing 
Whole genomic DNA was extracted from the flight muscles or 
legs of adult horse fly specimens with the DNeasy Tissue Kit (Qia-
gen, Valencia, CA) as per manufacturer's instructions, keeping the 
vo ucher specimen for reference. The purified DNA was resus-
pended in 50 µL of elution buffer and stored at 4 °C. 
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Fig. 2. Molecula r phylogeny of the revised Scionin i provided by Bayes ian (PP = Poste ri o r Proba bility; GTR +I + G; four chains ; 20 M genera ti ons ) and maximum likelihood 
(BS= Bootstrap Support) ana lyses of the combined mitochondrial (COi and COIi ) and n uclear ge ne marke rs (M TS, CAD and 28S). All b ranch ti ps have PP values of 100. Names 
in sq uare parentheses re fe r to the old class ifi ca tion scheme for the new ly revised genera. Tip labe ls refer to revised taxa. Outgrou ps have not been co lour coded for region. AF, 
Afri ca : AU, Australia ; CA, Centra l America ; NZ. New Zea land ; SA, South Ame ri ca ; USA. United Sta tes of America . 
Multiple fragments of four genes were targeted for amplifica-
tion and sequencing, chosen to cover a range of genetic mutation 
rates to maximise phylogenetic signal. The nuclear genes targeted 
for amplification included ribosomal 28S (869 bp; indels were in-
cluded), along with the protein coding genes alanyl-tRNA synthe-
tase (MTS, 382 bp ) and three distinct regions of CAD (CAD1 , 
816 bp; CAD3, 758 bp ; CAD4, 776 bp ) responsible for encoding 
the first three enzymatic activities of the de novo pyrimidine bio-
synthetic pathway (Moulton and Wiegmann, 2004). Mitochondrial 
loci included the first two subunits of the cytochrome oxidase 
gene, with COi amplified from two separate fragments (COi: COia, 
5' end, 824 bp ; CO lb, 3' end, 639 bp : COIi , 693 bp ). Prime r pa irs are 
presented in Supplementary material (Table S1 ) (Lui and Becken-
bach, 1992; Moulton and Wiegmann, 2004; Simon e t al., 1994; 
Sperling et al., 1994; Whiting, 2002: Wiegmann et a l. , 2000). 
PCRs were performed in either 25 µL react ions using either 
TaKaRa Ex Taq™ Hot Start Version (Takara Bio Inc., Japan) or 
Scientifix Hot Start DNA Polymerase (Scientifix Pty Ltd. , Aust ral ia) 
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Figure 2. Molecular phylogeny of the 
Scionini provided by Bayesian (PP 
posterior probability; GTR + I + G; four 
chains; 20 M generations) and maxi1num 
likelihood (BS = bootstrap support value) 
analyses of combined mitochondrial 
(COI; COII) and nuclear loci (AATS; 
CAD; 28S). All branch tips have PP 
values of 100. Names 111 square 
parentheses refer to the old classification 
scheme for the newly revised genera. Tip 
labels refer to revised taxa. AF, Africa; 
AU, Australia; CA, Central America; NZ, 
New Zealand; SA, South America; USA, 
United States of America. 
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Table 1 Ul 
N Collection data for the austral horse fly tribe Scionini and other specimens sequence in this study. Nucleotide sequence data are deposited in Genbank and represented by accession numbers. Square parentheses refer to previously 0 
synonymised genera within Scaptic1. Asterisk indicates type species. NP, National Par!<. 
n ~ 0 FAMILY Genus Subgenus Species Voucher COia COlb COIi AATS CAD1 CAD3 CAD4 28Sfk Collection data p-' 0\ ID ~ SUBFAMILY 
M-
Tribe (t) 
...; 
ATHERICIOAE Dasyomma - sp. PEET1005 KC592664 - - KC592822 - - - KC592526 CHILE: Chiloe, Ahoni Alto, (/J 
25-27.1.2007 B. Brown (t) 
< Atherix marginata PLIM180 KC592679 - - KC592835 - - KC592540 HUNGARY: Batouytereryl; (t) 
Lengyendinp, 2006.07.05, ~ 
M. Foldvari (NCSU) 
PELECORHYNCl-1- Pelecorhynclws - personatus Peleper KC592677 - - KC592833 KC593162 - - KC592538 AUSTRALIA: Cooloola, 
/DAE Site 3, 51096 (NCSU) 
TABANIDAE 
CHRYSOPSINAE 
Bouvieromyiini Phibalomyia - carteri BDL097 KC592911 KC593024 KC592798 - - KC592494 AUSTRALIA: QLD, Wet to 
Tropics, Atherton uplands, p 
r---
rainforest. 17 .61030378°S "' V, 
145.76636005°E, R. Wilson 
V, 
c:, 
(ANIC) a. 
"' Rhigiog/ossct Rhigioglossa eden tu/a SIM1007.1 DQ983524 KC593065 KC592837 DQ983564 KC592541 SOUTH AFRICA: Western 
,..., 
-
- - c:, 
:--Cape Province, S.I. Morita 
-----Chrysopsini Cl11ysops coquilletti CA2 DQ983512 KC593063 KC592819 DQ983552 - - KC592522 USA: California : S.I. Morita s: - 0 
USA: California, SI Morita rii" I") 
s::: Silvius gigan tulus CA6 DQ983531 - - - DQ983572 - - - USA: California, S.I. Morita 0 
-, Rhinomyzini Tabanocella Tabanocella denticornis SIM1330.1 DQ983532 - KC593067 KC592840 DQ983573 - - KC592544 SOUTH AFRICA: '1:l 
KwaZulu -Natal, S.I. Morita ~ 0 TABANINAE ()q 
"' Diachlorini Agelanius nr. BDLl 55 KC592952 KC593062 CHILE: Region RM, El ::, - sp. - - - -
"' ::r. Arrayan Santuario de La Cl 
' Naturaleza, 33°19'1511 S c:, ::, 
70°27'13"W, El. 1073 m, Q. 
tT] 
19 Jan 2011, B. Lessard, < 0 
D. Amorim and D. Yeates ~ ::r. 
(ANIC) 0 ::, 
Dasybasis Dasybasis neobasalis PEET1049 KC592670 - KC593064 KC592828 KC593157 - KC592532 AUSTRALIA: NSW, 0) 00 
Kosciusko National Park, 
----
1'.J 
Thredbo, 38°29'44S C) 
-w 
148°19'15E, El.1354111, '-.., u, 
23 Jan 2008, D. Carnovale, -0) 
D. Yeates, C. Manchester I u, 
.l>,. (ANIC) C) 
Sp. BDL002 KC592547 KC592844 - KC592744 - - - KC592413 AUSTRALIA: NSW, 
Perisher, Kosciuszko NP, 
36°25'5311 S 148°19'27"E, 
12 Dec 2007 (ANIC) 
Haematopotini Haematopota - sp. SIM1000.1 DQ983519 - - - DQ983559 - - - SOUTH AFRICA: Western 
Cape Province, S.I. Morita 
Tabanini Hybomitra - rhombica CA3 DQ983520 - - DQ983560 - - USA: California, S.I. Morita 
Tabanus - aegrotus CA5 DQ983533 - - - DQ983574 - - - USA: California, S.I. Morita 
biguttatus SIM1321 DQ983534 - - - DQ983575 - - SOUTH AFRICA: 
KwaZulu-Natal, S.I. Morita 
sp. BDL 149 - KC592947 KC593058 - - - - KC592521 AUSTRALIA: SA, Renmark, 
8 Apr 2012, B. Lessard and 
T. Everingham (ANIC) 
PANGONIINAE 
Mycteromyiini Mycteromyia sp. NCSU1138 KC592661 - - KC592821 KC593152 - AF238564 CHILE (NCSU) 
Pangoniini Esenbeckia Palassomyia fascipennis NCSU1034 KC592660 - KC592820 KC593151 - - AF238563 CHILE (NCSU) 
Esenbeckia prasiniventlis PEET1007 KC592665 - KC592823 KC593153 - KC592527 COSTA RICA: Caribe, Rio 
Francesca, 11-17.vi.2007, 
A. Deans (NCSU) 
Ricardoa delta PEET1070 KC592675 - KC592831 KC593159 - KC592536 USA: Arizona, Cochise Co., 
Chiricahua Mountains, 
31 °52'28" N 108°28'24" W, 
El. 1578 m, 5-12.viii.2007, 
j. Skevington 
sp. PEET1025 KC592668 - KC592826 - - KC592530 Mexico: Sonora, Rancho el 
Cajon 40 km E of Alamos, 
Rio Cuchujaqui, Taxodium 
riparian tropical deciduous 
forest, 27°03.00'N 
108°43.91 'W, El. 420 m, 1-
11.x.2006 ME Irwin 
Pegasomyia - abaureus SIM1500 DQ983523 - - - DQ983563 - - - USA: California, P.S. 0:, 
Cranston ~ 
Philolichini Philoliche Buplex basalis SAM2 DQ983500 - - KC592836 DQ983537 - - SOUTH AFRICA: ,..... 
"' 
"' Neuwoutville, S. Van Noort "' C 
subfacia S!Ml 153 DQ983501 - - DQ983538 - - - SOUTH AFRICA: Hellsgate, 2. 
"' S.l. Morita ~
Dorcaloemus compacta SIM1337 DQ983502 DQ983539 ZIMBABWE: Laurenceville ;:?.. - - - - - ........ 
Rd., S.l. Morita s: 0 
Mave1ica bukamensis SIMl 152 DQ983503 - - DQ983540 - - - SOUTH AFRICA: Hellsgate, ~ r, 
j. Esterhuizen s:: 0 
Ommatiosteres angulata SIM1115 KC592680 DQ983545 SOUTH AFRICA: Pakhuis 
.., 
- - - - -
'u 
Pass, S.l. Morita ;:,--'< 
Philoliche Phara lateralis SIM1003 DQ983505 DQ983543 SOUTH AFRICA: False Bay, a - - - - - - C)q 
"' B.C. Anderson ;:i 
"' 
andrenoides SIMl 171 DQ983506 DQ983544 SOUTH AFRICA: ::r. - - - - [;l tn Witzieshoek, S.l. Morita C < ;:i 
and SDJ c:,_ 0 
bivirgulata SIM1130D DQ983508 DQ983546 SOUTH AFRICA: Shaw 
rr, ,_.. 
- - - - - -
< ~ 0 
Farm, S.l. Morita i':" rl--~ 
-· Phi/o/iche aethiopica SIM1308A DQ983511 - - KC5928398 DQ983550 - - KC592543 SOUTH AFRICA: R102 to J- a· 0 ;:i ~ bay, S.l. Morita 0) Co 
elegans SIM1304V DQ983514 - DQ983554 - SOUTH AFRICA: Glen Craig ,......_ ~ I\J ~ Farm, S.l. Morita a CL w 
rostrata Philros KC592678 I<C592834 I<C593163 KC592539 SOUTH AFRICA: S.I. Morita '-- cr" 
rubignosa SIMl 149 DQ983526 DQ983566 SOUTH AFRICA: Hellsgate, u, - - - - - - ..... 
-· 
0) 0 S.l. Morita I u, (JO 
Returneria alternans SIM1409 KC592841 DQ983548 KC592545 SOUTH AFRICA: Westcoast ,4 - - - a (0 
Fossil Park, M. Buffington 0 
Scionini Anzomyia - pegasus BDL009 I<C592550 - KC592959 I<C592749 I<C593072 I<C593198 KC592419 AUSTRALIA: NSW, (JO 
"""I 
Kosciuszko NP, 1.7 km ENE ~ Thredbo, 36°30'07"S p-' 
148°19'02" E, El. 1380 m, 
'--< 
2-11 Jan 2004, C.L. 0 
Lambkin and N.T. Starick, H) 
(ANIC) & BDL024 KC592562 KC592858 - - - - I<C593210 I<C592432 AUSTRALIA: NSW, (0 
Kosciuszko NP, 0.8 km NE 
r./1 Thredbo, 36°29'4911 S n 
148°18'51 " E, El. 1480 m, 
-· 0 
,........ C.L. Lambkin and N.T. ~ 
0 Starick (ANIC) 
-· 
-........) ~ 
-· (continued on next page) 
u, 
N 
Table 1 (contiliuec/) 
FAMILY Genus Subgenus Species Voucher COia COlb COIi AATS CADl CAD3 CAD4 28Sfk Co llection data U1 N ID N 
SUBFAM ILY 
f-' 
Tribe n 0 
00 p"' BDL074 KC592606 KC593005 - KC593112 KC592709 KC593236 - AUSTRALIA: NSW, p:i 
Kosciuszko NP, 36°30'07"S i-d rl--
148°19'02"E, 2-1 l.i .2004, (1,) ,., 
C.L. Lambkin and N.T. C/J Starick (ANIC) (1,) BDL144 KC592944 - - - KC593272 - AUSTRALIA: NSW, < 
Kosciuszko NP, 1.8 km NE (1,) 
Thredbo, 36°29'49 11 S :::::i 
148°18'51"E, El. 1480 m, 
2- 11 Jan 2004, C.L. 
Lambkin and N.T. Stari ck 
(AN IC) 
Goniops - c/11ysocoma SIM11 51 KC592681 - KC593066 KC592838 KC593164 - - KC592542 USA: Maryland, Little 
Orleans, June 2007, M. ~ ~ 
Bertone (NCSU) c--
I'll BDL130 KC592648 KC592936 KC593049 - - - - KC592513 USA: West Virginia, Hardy "' 
"' Cl
Co., 14-3 1 Jul 2007, D. a. 
Smith (NCSU) I'll ..-, 
Pityocera £/aph elia cervus PEET1044 KC592669 KC592827 KC593156 KC592531 FRENCH GUIANA: Regina ; Cl - - - :-
........ Point Rd ., Kaw Mountains s:: 
4°33' 19" N 52°09'59"W, El. 0 ii, 
300 m, 8-9 Mar 2006, K. (") s::: 
0 Sarv -, 
BDLl 29 KC592647 KC592935 KC593048 - KC593149 KC593267 KC592512 FRENCH GUIANA: Regina, 'u - ~ 
Point Rd ., Kaw Kaw 0 ()q 
Mountains, 4°33' 19" N I'll ::, 
52°09'59"W , El. 300 m, 3- I'll :::!. 
27 Mar 2007, K. Sarv Cl ' Cl BDL1 33 KC592649 KC592937 KC593050 KC592811 KC593 150 - KC593268 - PERU: Rio Tambopata, ::, Cl.. 
Explorers Inn Rio Tower, rr, ~ 
12°50.208 1S 69°17.603'W, S?.. s::: 
6-13.xii.2003, Svenson, :::!. 0 
Miller, Osborne and Ogden ::, 0) 
(BYU) Co 
-----
Scion e /Jrevistriga nr. BDL062 KC592597 KC592883 KC592995 KC592774 KC593103 KC592703 KC593186 KC592466 ECUADOR: Pichincha, Los N - a 
-Cedros, 11 Aug 2007, R. w 
----Cardenas U1 
-equatoriensis BDL064 KC592599 KC592885 KC592997 KC592775 KC593105 - KC593188 KC592468 ECUADOR: Pichincha, 0) I 
Yanacocha, 00°06.9621S U1 .l>,. 
a 
78°35.088'W, El. 3562 m, 3 
Aug2009, D. Ramirez 
(NCSU) 
BDLl 52 KC592657 KC592949 - KC592817 - KC592741 KC593165 - ECUADOR: Pichincha, Los 
Cedros, 8.viii .2007 , R. 
Cardenas 
Jusca m. BDL063 KC592598 KC592884 KC592996 - KC593104 KC592704 KC593187 KC592467 ECUADOR: Pichincha, Los 
Cedros, El. 1350 m, R. 
Cardenas 
huanca/Jam/Jae BDL037 KC592573 KC592862 KC592972 - KC593086 KC592694 KC593172 KC592443 ARGENTINA: Jujuy, 
Calilegua NP, 23°42'00"5 
64°52'00"W, El. 1081 m, 
12.xi.2008, J. Skevington 
maculipennis PEET1020 KC592666 - - KC592824 KC593154 - - KC592528 COSTA RICA: Cacao La Cim, 
19 Apr 1999, A. Deans 
(NCSU) 
rufipes BDL036 KC592572 KC592861 KC592971 KC592759 KC593085 KC593171 KC592442 PERU: Cock of the Rock 
Lodge, 13°03'21 11 S. 
71 °32'46"W, El. 1380 m, 
18-20.x.2006, J. 
Skevington 
BDL067 KC592602 KC592888 KC593000 KC592778 KC593107 - KC593190 KC592471 PERU: Cock of the Rock 
Lodge, 13°03'21"5 
71°32'46"W, El. 1380 m, 
18-20 Oct 2006, J. 
Skevington 
BDL153 - KC592950 KC593060 - - KC593166 - PERU: Cock of the Rock 
Lodge, 13°03 '2111 S 
71 °32'46"W, El. 1380 m, 
18-20 Oct 2006, J. 
Skevington 
rufipes nr. BDL065 KC592600 KC592886 KC592998 KC592776 KC593106 - KC593189 KC592469 PANAMA: Chirqui Prov., 
Fortuna Reserve, 
8°44.840'N 82°14.562'W, to 
El. 1151 m, 30 Aug 2008, A. ~ 
r-
Gillogly and A. Smith "' V) V) 
Fidena Fidena flavipennis PEET1071 KC592676 KC592832 KC593161 - - KC592537 COSTA RICA: Limon Prov., C, .., 
Talamanca de Punta Uva, Cl. 
"' ,.., 9°37'24"N 82°40'51 "W, 28 ~ 
Jul 2007, L. Forehand 
-------3:: pallidula nr. BDL134 KC592650 KC592938 KC593051 KC592812 KC593269 KC592514 PERU: Rio Tambopata, 0 
Explorers Inn Rio Tower, ~ n 
t:: 
12°50.208'5 69°17.603'W, s 
.., 
6-13.xii.2003, Svenson, "CJ 
::i-
Miller, Osborne and Ogden '< 0 (BYU) ~ 
BDL151 KC592656 KC592948 KC593059 KC592816 KC592740 KC593275 PERU: Rio Tambopata, ;:i -
"' ::r. 
12°50.20811 S 69°17.60311W, Q rn 
6-13 Dec 2003, Svenson, C, < ;:i 
Miller, Osborne and Ogden Cl. 0 n, ,........ 
(BYU) s:: i:::: 2. 
rhinophora BDL066 KC592601 KC592887 KC592999 KC592777 KC593160 KC592705 KC593230 KC592470 ECUADOR: Pichincha, nr t:: ..-t-,.., ,..... . 
Minda, July 2009, R. o· 0 ;:i 
:::::s Cardenas, K. Bayless and D. 0) Oo ~ Ramirez (NCSU) ';;::} 
:::::s a 
BDLl 54 KC592658 KC592951 KC593061 KC592818 - KC592742 KC593276 - PANAMA: Chiriqui Prov., w 0.. 
Reserva Fortuna, '- CT V1 
8°45.468'N 82°15.671 'W , - ,--. 0) 0 El. 1235- 1300 m, 1.x.2008, I V1 (Jq 
.J:,,. 
Gillogly a (D 
Sp. ERWIN1686 KC592659 - - - - - KC592523 ECUADOR: Yasuni Park, T. 0 (Jq 
Erwin >-1 
Scaptia Scaptia abdominalis BDLl 38 KC592940 KC593053 KC592813 - - AUSTRALIA: Vic, Mt Baw ~ :::r 
Baw BP, Big Tree Creek, '-< 
37°49'53" 5 146°11 '37" E, 0 
El. 216 m, 8.xii.2011 (ANIC) H, 
alpina alpina BDL004 KC592845 KC592955 KC592745 KC593069 KC592684 KC592415 AUSTRALIA: NSW, ..-t-- - :::r 
Guthega, Kosciusko NP (D 
(ANIC) (/J 
BDL010 KC592848 KC592960 - - - - KC592420 AUSTRALIA: NSW, 0 
,--. 
Kosciuszko NP, 1.7 km ENE 0 
~ Thredbo, 36°30'07 11 S :::::s 
0 ,--. 
:::::s \0 (co ntinued on next page) ,--. 
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..§ 
148°19'02"E, 2-11 Jan rl-(1.) 
2004, C. Lambkin and N. '"i 
Starick (ANlC) (/J 
(1.) alpina PEET1051 KC592671 - - -
- - KC592533 AUSTRALIA: NSW, < l<osciuszko National Park, (1.) 
Thredbo, 36°29'44"S µ 
E148°18'15" E, El. 1354 m, 
23 Jan 2008, D. Carnovale, 
D. Yeates and C. 
Manchester 
aurata· BDL020 KC592558 KC592854 - KC592753 - - - - AUSTRALIA : NSW, Morton 
NP Tianjara Fa ll s, 0:, 9 35°06'38"S 150°19'54"E, 
r-, 
29 Nov 2003 (ANIC) "' 
"' 
"' auranticula BDL122 - KC592932 KC593046 l<C592809 - - - - AUSTRALIA: WA, Cl a Porongerups NP, 
"' ,..,. 34°40.384'S 117°53.511 'E, Cl 
:-
El. 351 m, 3-15 Nov 2003, ...._ s: C. Lambkin and j. Recsei 0 ;:;;-(ANlC) r, i:: BDL123 - KC592933 KC593047 l<C592810 KC593 148 - KC593185 - AUSTRALIA : WA, 0 
-, 
Porongerups NP, "o ~ 34°40.384'S 117°53.511 'E, 0 
El. 351 111, 3-15 Nov 2003, l}q 
"' ::iC. Lambkin and J. Recsei "' ::r. (AN lC) Cl ' aurifluc, BDL005 l<C592548 KC592846 KC592956 1((592746 KC593070 KC592685 KC593167 l<C592416 AUSTRALIA: Canberra, ACT, Cl ::i 
Q.. 18 Dec 2007, D. Yeates rr, 
(ANlC) < 0 
~ BDL096 KC592626 KC592910 KC593023 KC592797 KC592725 - 1((592493 AUSTRALIA: Tas, Central ::r. 
Plateau Plantation area, S 0 ::i 
of Deloraine, 41.7104°S 0) 00 
146. 72877°E, 30.i.2010, B. --.. N 
a 
Lessa rd, N. Gunter and K. -w 
Meiklejohn (AN lC) '--u, 
BDL098 KC592627 KC592912 KC593025 1((592799 1((593129 KC592726 KC593178 KC592495 AUSTRALIA: ACT, Black -0) 
I Mountain, 18 Nov 2012, D. u, 
.IS, 
Yeates (ANlC) a 
PEET1052 KC592672 
- - - AUSTRALIA: ACT, Canberra, 
18.12.2007 D. Yeates 
(AN IC) 
PEET1054 l<C592674 - - KC592830 - - - KC592535 AUSTRALIA: NSW, 
Talaganda National park, 
S35°24'53 E149°32'07, El. 
1140 m, 15 Jan 2008, D. 
Yea tes, D. Carnova le and C. 
Manchester brevirosuis BDL029 KC592565 - - KC592758 KC593082 KC592693 KC593168 KC592435 AUSTRALIA: QLD, Daintree 
NP, Cape Tribulation, 
16°14.31 l 'S 145°25.945'E, 
El. 40 m, 18- 19 Dec 2005, 
A. Deans and M. Buffington 
(NCSU) 
BDL030 KC592566 - - - KC593169 KC592436 AUSTRALIA: QLD. 
Ravenshoe State Forest, 
17°44'5 145°32' E, Nov 
1999, M. Mathieson 
(NCSU) 
BDL057 KC592592 KC592878 KC592990 KC592772 KC593099 - KC593176 KC592461 AUSTRALIA: NSW, 800 m S 
Wards Gulley Creek on 
Armidale Rd ., 29°59'40"5 
152°42'35"E, El. 298 m, 
26.xi.2009, B. Lessard, L. 
Nelson, A. Thornhill and D. 
Yeates (ANIC) 
BDL080 KC592612 KC592898 KC593011 KC592788 KC593116 KC592715 KC593192 KC592481 AUSTRALIA: NSW, 
Washpool, 29°28'16"5 
152°19'14"E, El. 901 m. 
28.xi.2009, B. Lessard, L. 
Nelson, A. Thornhill and D. 
Yeates (ANIC) to 
brevirostris nr. BDLl 17 KC592644 KC592929 KC593043 KC592807 KC593145 KC592734 KC593180 AUSTRALIA: QLD, Cape 
q 
,..... 
Tribulation NP, Dubuji- "' V) V) 
Myall Beach, 16°5.61S c:, a. 145°27.736'E, 12.iii.2011, 
"' S. Cameron (AN IC) ..... c:, 
:-
Ju/gida BDL055 KC592590 KC592876 KC592988 KC592771 KC593097 - KC593174 KC592459 AUSTRALIA: QLD, 
----Lamington NP, 28.192°S :s: 0 
153.124°E, 2-16 Dec 2008, <ii" 8 
G. Monteith (QM) 0 
"'1 
jacksoniensis BDL056 KC592591 KC592877 KC592989 - KC593098 KC592700 KC593175 KC592460 AUSTRALIA: NSW, Morton -0 ::r 
NP. 35°04'33"5 '< 0 
150°09'08" E, 17 Nov 2009, O<l 
"' B. Lessard. C. Manchester :::s
"' 
~-
and D. Yeates (AN IC) Q tn 
BDL079 KC592611 KC592897 KC593010 KC592787 KC592714 KC593191 KC592480 AUSTRALIA: NSW, Morton c:, < :::s 
NP, 35°01'56"5 <Cl. 0 n-, ......... 
150°08'07"E, 17- ~ ~ 0 
23.xi.2009, B. Lessard, C. 2 .-t-..... 
-· Manchester and D. Yeates a· 0 :::s ~ (AN IC) 0) ()::, p:i 
BDL146 KC592655 KC593057 KC592738 KC593184 KC592520 AUSTRALIA: Vic, Bull Creek 
......., 
- - - N ~ a 
Divide, Mitchell River NP. 
- 0.. w 
37°41 ' 16"5 147°20'46" E, '-..., cr" VI 
El. 54 m. 9 Dec 2011 (ANIC) -
-· 
0) 0 jacksonii BDL090 l(C592621 KC592906 KC593019 KC592794 KC593124 KC592722 KC593194 KC592488 AUSTRALIA: Tas, N of I VI IJO 
-I>. 
Tarraleah, 42.26671S a (D 
146.4745E, 28.i.2010, B. 0 IJO Lessard, K. Meiklejohn and --1 
N. Gunter (ANIC) 
.§ 
BDL142 - KC592942 - KC592815 - - - KC592518 AUSTRALIA: Tas, Keoghs :=-
Creek on Arve Road, '-< 
Southern Forests. 0 
43.15122S 146.79369E. .-+, 
14.i.2012, J. Mynatt and M. .-t-:=-
Shackleton (ANIC) (D 
SIM1510 KC592682 KC592842 - - - AUSTRALIA: Tas (NCSU) (/). 
montico/a BDL003 - - KC592954 - - - KC592414 AUSTRALIA: NSW. East (") 
-· Boyd State Forest, 0 
1--' 37°12'05"5 149°46'30" E, 6 ~ 
1--' 
-· 1--' 
Dec 2004 (ANIC) ~ 
BDL0l 5 KC592553 KC592963 KC593202 KC592424 AUSTRALIA: NSW, 
-· - - -
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...-1-(D 
"""I Yambulla State NP, C/). 37°11 152 11 S 149°37'02"W, (D 
El. 299 m, 14 Feb - 9 Mar < 
2005, C. Lambkin and N. (D 
Starick (ANIC) :::s BDL 116 - KC592928 KC593042 - KC593144 KC592733 KC593179 KC592510 AUSTRALIA: QLD, Colosla, 
7.x.2002, B. Wiegmann 
(NCSU) 
minisrn/a nr. BDL120 - l<C592931 l<C593045 - l<C593147 l<C592736 l<C593181 I<C592511 AUSTRALIA : NSW, 
Washpool, 29°28' 16" 5 
to 152°19' 1411 E, El. 901 m, q 
29.xi.2009, B. Lessard, L. r--. 
n:, 
Nel son, A. Thornhill and D. v, v, c:, 
Yeates (ANIC) a. paw/a BDL143 KC592653 l<C592943 l<C593056 - - - KC593183 - AUSTRALIA: NSW, n:, ,-., 
Warrurnbungle NP, c:, ,...... 
-----
Buckleys Creek, s: 
31 °16.083 '5 149°00.04' E, 0 ii, 
El. 298 m, 19.iii-8.iv.2008, n i:: Q S.L. Winterton, J.S. Bartlett ., 
"tl 
and D.j. Tree ~ similis BDL058 KC592593 l<C592879 l(C592991 - - - l<C593177 l<C592462 AUSTRALIA: QLD, 0 Oq 
Cainbable Quany, 28.'145°5 n:, ::, 
n:, 
153.l 13°E, 28 Oct - 9 Nov ::i. 
2008, G Monteith (QM) C1 ' c:, tricolor BDL084 KC592615 l<C592901 I<C593193 AUSTRALIA: WA, Blue ::, - - - - Cl.. 
Lake, Mt Lindesay NP, r,-, < 
34°46'10"S 117°l6135 11 E, 0 i':" 
El. 195 rn, 5 Oct 2010, B. ::i. 0 
Lessard and N. Gunter 
::, 
0) 
(ANIC) 00 
......._ BDL 139 l<C592652 I<C593054 KC592814 I<C593182 l<C592516 AUSTRALIA: WA, Scott NP, I\.J - - - a 
34°17101 11s 115°05' 51 " E, w 
'-
El. 190 rn, 1.x.20'! 0, B. V, 
-Lessard and N. Gunter 0) I 
(ANIC) V, .ts. 
a [Apocampwj subcana' BDL044 l<C592580 l<C592868 l<C592979 - - - l<C593218 l<C592449 AUSTRALIA : QLD, Bribie 
Island, 27.053'5 153.180' E, 
17 Oct 2007, S. Winterton 
(NCSU) 
BDL087 KC592618 KC592903 KC593016 l<C592792 KC593121 l<C592719 KC593245 l<C592485 AUSTRALIA: QLD, Brisbane 
Forest Pk, 27.427°5 
152.841 °E, 13 Dec 2007-
17 Jan 2008, S. Winterton 
and j. Bartlett (NCSU) 
BDL099 KC592628 KC592913 I<C593026 I<C592800 - KC592727 l<C593252 I<C592496 AUSTRALIA: QLD, Bribie 
Island, Heathland, 
27.053°5 153.180°E, 
17.x.2007, S.L. Winterton 
(NCSU) 
[ Triclista] gutta ta BDL008 KC592549 - KC592958 KC592748 KC593071 - KC593197 KC592418 AUSTRALIA: NSW, 
Nelligen, 35°38'52 11 S 
150°08'29"E, 11 Feb 2008, 
D. Yeates (ANIC) 
PEET1053 KC592673 - KC592829 KC593158 - KC592534 AUSTRALIA: NSW, 
Nelligen, 35°38'52 11 S 
150°08'29"E, 11 Feb 2008, 
D. Yeates (ANIC) 
singulmis' BDL049 KC592584 KC592871 - KC592766 - - KC593221 KC592453 AUSTRALIA: WA, nr. 
Roleystone, 32°07'20"5 
116°01 '52"E, El. 46 m, 9 
Dec 2009, B. Lessard and K. 
Meiklejohn (ANIC) 
BDL088 KC592619 KC592904 KC593017 KC592793 KC593122 KC592720 KC593246 KC592486 AUSTRALIA: WA, 
Armadale, 32°07'1311 S 
116°01 '21"E, El. 57 m, 15 
Dec 2009, B. Lessard and K. 
Meiklejohn (ANIC) 
[Osca] lata* BDL038 KC592574 KC592863 KC592973 KC592760 KC593087 - KC593214 KC592444 CHILE: Los Lagos, Parque 
Nacional Alerce Andino, 0:, 
Chaicra, i.2007, B. Brown ~ 
r-, 
BDL040 KC592576 KC592865 KC592975 KC592761 KC593089 - KC593215 KC592446 CHILE: Los Lagos, Parque "' V, V, 
Nacional Alerce Andino, 0 ..., 
0.. 
Chaicra, i.2007, B. Brown 
"' ...,. 
BDL072 - KC592891 KC593003 KC592782 KC593110 KC592707 KC593234 KC592475 CHILE: Los Lagos Prov., ~ 
Parque Nacional Alerce ........ s: Andino, Chaicra, i.2007, B. 0 m Brown 8 
BDL100 KC592629 KC592914 KC593027 KC592801 KC593130 KC592728 KC593253 - CHILE: Los Lagos Prov., 5" ..., 
Petrohue River, Ensenada, 
" 
::,-
41°09'14"5 72°26'00"W, '-<:: ~ El. 173 m, 9.ii.2011, B. 
"' 
Lessard, D. Amorim and D. 
;:s 
"' ::r. 
Yeates (ANIC) [;l tr:J 
PEET1001 1((592663 KC592525 ARGENTINA: Neuquen 0 < - - - - - ;:s 
Prov., Parque Nacional 0.. 0 ti, ......... 
Lanin, 1.5 km N Puerto < ~ ~ 
s:: rl-Canoa, 39°44.021S ...,. 
-· 71°30.86'W, El. 1010 m, 
5· 0 ;:s ::s 0) 25.xii.2005-2.i.2006, M. Co p.:i 
Irwin 
,......_ 
I\.J ::s 0 [Lepmia] /eucothorax BDL039 KC592575 KC592864 KC592974 - 1((593088 KC592695 - KC592445 CHILE: Region - 0... w 
Metropolitana, Yeso Road, '-..., er vi 
Valle Del Rio Volcan, -
-· 
0) 0 I 
33°47'33"5 70°12'07"W, vi (Tq 
.I,,. 
El. 1325 m, 18 Nov 2008, J. 0 (D 
Skevington 0 (Tq 
I Myioscaptia I Myioscaptia calliphora BDL054 KC592589 KC592875 KC592987 1((592770 KC593096 1((592699 KC593226 KC592458 AUSTRALIA: NSW, Morton """I 
NP, 35°02'35"5 .g 
150°08'31 " E, 17.xi.2009, B. ::::r 
Lessard, C. Manchester and "-< 
D. Yeates (ANIC) 0 
inopinata BDL031 KC592567 - KC592969 - KC593083 - KC593170 KC592437 AUSTRALIA: QLD, State ,-+, 
Forest 607, 16°591S rl-::::r 
145°36'E, Nov 1999, M. (D 
Mathieson (ANIC) VJ 
violacea' BDL046 KC592581 1((592869 KC592980 KC592765 KC593219 KC592450 AUSTRALIA: NSW, (') 
-· Thunderbolts Way nr. Giro, 0 
,...... 31 °44'37"5 151 °52'49" E, ::s 
,...... 
-· VJ El. 164 m, 1.xii.2009, B. ::s 
Lessard, L. Nelson, A. 
-· 
Thornhill and D. Yeates U7 
N 
--.J 
(continued on next page) 
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rl-(AN IC) (D BDL075 KC592607 KC592893 KC593006 - - KC592710 KC593237 - AUSTRALIA: NSW, ""1 
Washpool, 29°28'1611 S C/J (D 152°19' 14" E, El. 901 Ill, < 28.xi.2009, B. Lessard, L. (D 
Nelson, A. Thornhill and D. ~ 
Yeates (AN IC) 
BDL082 KC592614 KC592900 KC593013 KC592790 KC593118 KC592717 KC593242 KC592483 AUSTRALIA: NSW, 
W as hpool, 29°28'1611 S 
152°19' 14" E. EL 901 m, 
28.xi.2009, B. Lessard, L. 
Nelson, A. Thornhill and D. ~ 
Yeates (AN IC) ~ 
r--, I Plin thina I Plinthina arnhemensis BDL042 KC592578 KC592867 KC592977 KC592763 KC593090 KC592696 KC593217 AU STRALIA : NT, NE l1l - V, 
V, 
Arnhemland, 12°23'0211 S, c:, --, 
Q. 
136°37'42"E, 16- 27 Aug l1l 
..... 
2007 , D. Yeates, C. c:, 
Manchester and S. ......... s:: Winterton (ANIC) 0 
rti" BDL043 KC592579 - KC592978 KC592764 - - - KC592448 AUSTRALIA: NT, NE r, i:: 
Arnhem land, 12°23'1511 S, Q 
--, 
136°36'01 "E, 16-27 Aug "u ~ 2007, D. Yeates, C. 0 
Manches ter and S. ()q l1l 
::i Winteron (ANIC) l1l 
..... /Jin otata BDL0l 6 KC592554 KC592851 KC592964 - KC593075 KC592688 KC593205 KC592425 AU STRALIA: WA, Cf ' 
Heinsmen Rock, c:, ::i 
Q. 33°07.0201S 123°27.077'E, r,-, 
El. 145 m, 30 Oct - 18 Nov <: 0 
2003, C. Lambkin and j. i:: ~-
0 Rescsei (ANIC) ::i 
BDL022 KC592560 KC592856 KC592967 KC592755 KC593079 KC592691 KC593208 KC592430 AU STRALIA: WA, 0) 00 
Heinsmen Rock, --.. (\J 
a 
33°07.0201S 123°27.077' E, ~ w 
El. 145 m, 30 Oct- 18 Nov '--u, 
2003, C. Lambkin and J. 0) 
I Rescsei (ANIC) u, ..,.. 
BDL025 KC592563 - KC592968 KC592757 KC593081 - - KC592433 AU STRALIA: WA, Pine Hill, a 
Cape Arid NP, 33°18.065 1S 
123°22.274' E, El. 130 m, 
31.x-18.xi.2003, C. 
Lambkin and J. Recse i 
(ANIC) 
BDL078 KC592610 KC592896 KC593009 KC592786 KC593115 KC592713 KC593240 KC592479 AUSTRALIA: WA, Pine Hill, 
33°18.065 1S 123°22.274'E, 
El. 130 m, 31.x-18.xi.2003, 
C. Lambkin and j. Recsei 
(ANIC) 
niglipuncta BDL073 KC592605 KC592892 KC593 004 KC592783 KC593111 KC592708 KC593235 KC592476 AUSTRALIA: QLD, Mt 
Glorious, 27°201S 152°46'E, 
El. 660 m, 12 Dec 1998-28 
Jan 1999, N. Power (QM) 
BDL119 1((592645 1((592930 1((593044 1((592808 1((593146 1((592735 1((593266 - AUSTRALIA: QLD, 
Lamington NP, rainforest, 
28.227°S 153.131 °E, El. 
920 m, 14-24.i.2007, C. 
Lambkin and N. Starick 
(QM) 
subcinerea BDL085 1((592616 - 1((593014 - 1((593119 - 1((593243 - AUSTRALIA: WA, Colletts 
Road, nr Fitzgerald River 
NP, 34°08'55 11 S 
119°14'27"E, El. 30 m, 7 
Oct 2010, B. Lessard and N. 
Gunter (ANlC) 
[ Copidap/10] Pseudoscione aureohirta BDL113 1((592641 1((592925 1((593039 1((592804 1((593141 1((592730 1((593263 1((592507 AUSTRALIA: QLD, Byfield 
State Forest, 22°57127"S 
150°40150"E, El. 51 m, 
11.i.2010 (ANIC) 
bicolorata BDL048 1((592583 1((592870 1((592982 - 1((593092 1((592697 1((593220 1((592452 AUSTRALIA: WA, nr. to 
Roleystone, 32°07 12011 S ~ 
r-
116°0l 152"E, El. 46 m, 9 <1) vi 
Dec 2009, B. Lessard and K. 
vi 
C 
--, 
Meiklejohn (ANIC) Q. <1) 
clavata BDL019 1((592557 1((592853 1((592966 1((592752 1((593077 1((592690 1((593203 1((592428 AUSTRALIA: NSW, East ...,. ~ 
Boyd State Forest, Goanna --.... 
Rd., 56 km SE Bombala, s:: 0 
37°1210511 S 149°46130"E, ii;" 8 
El. 219 m, 14 Feb-9 Mar 5" 
--, 
2005, C. Lambkin and N. 
" 
;:,-
Starick (ANIC) '-< 
BDL021 1((592559 1((592855 - 1((592754 1((593078 1((593204 1((592429 AUSTRALIA: NSW, Bluebell ~ <1) 
Swamp, Tinderry Nat. Res., ;::i <1) 
::r. 
11.5 km ENE Michelago, Cl tn 
35°41 102 11 S 148°17116"E, C < ;::i 
El. 1243 m, 29 Jan-26 Feb Q. 0 rr, ......... 
2005, C. Lambkin and N. <:: ~ ~ 
Starick (ANIC) i::: r-t-...,. ....... 
BDL077 1((592609 1((592895 1((593008 1((592785 1((593114 1((592712 1((593239 1((592478 AUSTRALIA: NSW, Tinderry o· 0 ;::i µ 
Nat. Res., 13.3 km ENE 0) Co p, 
Michelago, 35°40151 11 S ,.....__ N µ 0 149°18'26"E, El. 1065 m, C 
- 0.. w 
Lambkin and N Starick '--' a-v, (ANIC) - ....... 0) 0 georgii BDL051 1((592586 1((592984 1((592767 1((593093 1((593223 1((592455 AUSTRALIA: WA, Leeuwin- I - v, (fQ 
.js. 
Naturaliste NP, 33°51 111 11 S 0 (D 
115°01 138" E, El. 85 rn, 11 0 (fQ 
Dec 2009, B. Lessard and K. "i 
Meiklejohn (ANIC) .g 
BDL052 1((592587 1((592873 1((592985 1((592768 1((593094 1((593224 1((592456 AUSTRALIA: WA, Giant µ 
Tingle Tree, 34°58 157 11 S "< 
116°47 125" E, El. 175 m, 13 0 
Dec 2009, B. Lessard and K. f-+;i 
Meiklejohn (ANIC) r-t-µ 
georgii var. BDL050 1((592585 1((592872 1((592983 - - 1((592698 1((593222 1((592454 AUSTRALIA: WA, Donnelly (D 
River, 34°1914911 S (/) 
115°46'38" E, El. 27 m, 12 0 
Dec 2009, B. Lessard and K. 
....... 
0 
....... Meiklejohn (ANIC) µ 
....... AUSTRALIA: WA, Walpole, 
...... . 
BDL053 1((592588 1((592874 1((592986 1((592769 1((593095 - 1((593225 1((592457 µ v-. ....... 
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34°58 126 11 S l l6°42 147" E, rl-(D 
El. 10 m, 13 Dec 2009, B. 
,, 
Lessard and K. Meiklejohn C/) (D (AN IC) < gurtipennis BDL013 KC592551 KC592849 - KC592750 KC593073 KC592687 KC593200 KC592422 AUSTRALIA: WA, (D 
Heinsmen Rock, ~ 
33°07.0201 S 123°27.077' E. 
El. ·145 m. 30 Oct-18 Nov 
2003, C. Lambkin and j. 
Recsei (AN IC) 
BDL014 KC592552 KC592850 KC592962 - KC593074 KC593201 KC592423 AUSTRALIA: WA, 
Heinsmen Rock, !=XJ 
33°07.0201S 123°27.077 1 E, ~ 
r 
El. 145 m, 30 Oct- 18 Nov "' 
"' 
"' 2003, C. Lambkin and J. 0 ..., 
Q. 
Recsei (ANIC) 
"' .-, BDL023 KC592561 KC592857 - 1((592756 1((593080 1((592692 KC593209 1((592431 AU STRALIA: WA, Pine Hill , 0 
r---
Cape Arid NP, 33°18.065'5 
-----s: 123°22.2741 E, El. 130 m, 31 0 
ni" Oct - 18 Nov 2003, C n i:: 
Lambkin and J Rescei 0 ..., 
(ANIC) 
"" ;:J-BDL137 1((592651 KC592939 1((593052 - - - KC593270 1((5925 15 AU STRALIA: WA, Eucla '-s: 0 
Caravan Park, 31 °40139.8 11 S ()q 
"' ::i 
128°52'54.7" E. 6.ix.2011, "' ::r. 
A. Thornhill (ANIC) Cl 
BDL"l40 KC592941 1((593055 1((593271 KC592517 AU STRALIA : SA, Coffin Bay, 0 - - - - ::i 
Q. 
18.x.2009, N Starick and C t11 
Lambkin (QM ) < 0 
~ lasioptlwlma BDL027 1((592564 - - - -
-
- AUSTRALIA: QLD, !:J. 
0 Ravenshoe State Forest, ::i 
17°441S 145°32'E, Nov 0) Co 
1999, M. Mathieso n 
---._ 
I\.J 
a BDL032 1((592568 - - - - KC593211 1((592438 AUSTRALIA: QLD, Ebony ~ w 
Road, Ravenshoe Sta te ---u, 
Forest, 1 7°441S 145°33 1 E. -0) 
I Nov 1999, M. Mathieson u, .,.. 
BDL092 - - - - - - 1((593248 - AUSTRALIA: QLD, a 
Ravenshoe State Forest, 
17°441S 145°32 1E, Nov 
1999, M. Mathieson 
11wcu/ive11tris BDL00l 1((592546 KC592843 1((592953 1((592743 KC593068 KC592683 KC593195 KC59241 2 AUSTRALIA: NSW, 
Kosc iusko National Park, 
Perisher 36°21 146 11 S 
148°28151 " E, 11 Dec 2007 
(AN IC) 
BDL.018 KC592556 1((592852 KC592965 1((592751 1((593076 1((592689 KC593207 KC592427 AUSTRALIA : ACT, Mt 
Ginini , 35°31136 11 S 
·148°46145"E, El. 1675 m, 5 
Dec 2007, D. Carnovale, C. 
Manchester, A. Cardilini 
and V. Hatton (AN IC) 
BDL061 1((592596 KC592882 KC592994 KC592773 KC593102 KC592702 KC593229 KC592465 AUSTRALIA: NSW, Morton 
NP, 35°04133 11 S 
150°09108 11 E, 17.xi.2009, B. 
Lessard, C. Manchester and 
D. Yeates (ANIC) 
BDL076 KC592608 KC592894 KC593007 KC592784 KC593113 KC592711 KC593238 KC592477 AUSTRALIA: NSW, Morton 
NP, 35°01 15611S 
150°08 10711 E, 23.xi-
1.xii.2009, B. Lessard, C. 
Manchester and D. Yeates 
(ANIC) 
neoconcolor BDL028 - - KC592434 AUSTRALIA: QLD, 
Ravenshoe State Forest, 
17°441S 145°32 1E, Nov 
1999, M. Mathieson 
PEET1023 KC592667 KC592825 KC593155 - KC592529 AUSTRALIA: QLD, Daintree 
NP, Mossman Gorge Park, 
19 Dec 2005 (NCSU) 
neotricolor BDL011 - - KC592961 - - KC592686 KC593199 KC592421 AUSTRALIA: WA, O;; ~ Cockleshell Gulley Lesuer rs 
NP, 30°08147"S 
n:, 
"' 
"' 115°06127 11 E, El. 59 m, 20 0 i3. 
Sept - 9 Nov 2003, C. n:, ,..,. 
Lambkin and J. Recsei 0 :-
(ANIC) 
------~ 
BDL089 KC592620 KC592905 KC593018 - KC593123 KC592721 KC593247 KC592487 AUSTRALIA: WA, Hillview 0 ti, 
lookout, Augusta, r, 
.::: 
34°17154 11 S 115°1611211 £, iS" . -, 
El. 20 m, 1 Oct 2010, B. cl ;:;-
Lessard and N. Gunter '< 0 
(ANIC) liq n:, ;::i 
occidentalis BDL086 KC592617 KC592902 KC593015 KC592791 KC593120 KC592718 KC593244 KC592484 AUSTRALIA: WA, Colletts n:, 0 . 
Rd nr. Fitzgerald NP, Q tn 
0 < 34°08 155 11 S 119°14127"E, ;::i Q 0 El. 30 m, 7 Oct 2010, B. rT) ,....... 
<:: ~ Lessard and N. Gunter :?.. 
.:: rl-(ANIC) ,..,. 
-· o· 0 BDL115 KC592643 KC592927 KC593041 KC592806 KC593143 KC592732 KC593265 KC592509 AUSTRALIA: WA, Stirling ;::i µ 
Ol 
Ranges, Gnowellen Road, Oo p:i 
.---.._ 
34°201 1211 S 118°23 14911 E, I\.J µ a 
El. 164 111, B. Lessard and N. - 0.. w 
'---
cr" Gunter (ANIC) VJ 
-
-· quad1imacula BDL081 KC592613 KC592899 KC593012 1((592789 KC593117 KC592716 KC593241 KC592482 AUSTRALIA: NSW, Ol 0 I 
Thunderbolts Way, nr. VJ 00 
.i,,. 
Giro, 31 °44137 11 S a (D 0 
151 °52 149 11 E, 20.Xl.2009, B. 00 
Lessard, L. Nelson, A. '""'I 
Thornhill and D. Yeates ,§ 
(ANIC ) :::r 
regisgeorgii BDL047 KC592582 - KC592981 - KC593091 - KC593173 KC592451 AUSTRALIA: WA, "-< 
Calgardup Caves Carpark, 0 
34°03 101 11 S 115°01 13011 E, H, 
rl-
El. 82 111, 11 Dec 2009, B. :::r 
Lessard and K. Meiklejohn (D 
(ANIC ) C/). 
BDL091 KC592622 - - KC593125 - - KC592489 AUSTRALIA: WA, Leeuwin- 0 
-· Naturaliste NP, 33°51 1 11 11 S 0 
,....... 
115°01 138 11 E, El. 85 111, 11 µ ,....... 
-· 
---...) Dec 2009, B. Lessard and K. ~ 
-· Meiklejohn (ANIC) 
roei* BDL033 KC592569 - - - KC593212 KC592439 AUSTRALIA: QLD, Ul w 
.... 
(continued on next page) 
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"d 
rl-
Ravenshoe State Forest, (D 
""1 
17°441S 145°32 1 E, Nov C/) 
1999, M. Mathieson (D su/Jappendicularn BDLl 24 KC592646 KC592934 - - - - - - AUSTRALIA: QLD, Belah St, < 
Mt Crosby, 27.53°S (D ~ l 52 .84°E, Mar 2011, M. 
Gunter (ANIC) 
su/Jcontigua BDL006 - KC592847 KC592957 KC592747 - - KC593196 KC592417 AUSTRALIA: NSW, East 
Boyd State Forest, Goanna 
Rd ., 56 km SE Bombala , 
37°12105 11 S 149°46130" E, 
tl:J El. 219 m, 6 Dec 2004-12 ~ 
Jan 2005 (ANIC) r 
l1l BDL0l 7 KC592555 KC593206 KC592426 AUSTRALIA: NSW, East V, - - - - - V, a 
Boyd State Forest, Goanna i3_ 
Rel., 56 km SE Bombala, l1l .... 
37°12105 11 S 149°46130" E, a ,...... 
----
El. 219 m, 6 Dec 2004-12 s: 
Jan 2005 (ANIC) a ;;;-
r, BOLi 14 KC592642 KC592926 KC593040 KC592805 KC593142 KC59273 '1 KC593264 KC592508 AUSTRALIA: NSW, Berry s:::: 0 Beach, nr. Seven Mile -, 
Beach NP, 26.i.2010, B. \J ;:,-
'< 
Lessard (ANIC) 0 Oq BDL148 KC592946 KC592739 KC593274 AUSTRALIA: NSW, Durrus l1l - - - - - ::, 
North Caravan Park, 13 Jan l1l ::::t, 
2012, G. Teakle (ANIC) Cl a testaceomaculaw BDL059 KC592594 KC592880 KC592992 KC593100 KC592701 KC593227 KC592463 AUSTRALIA: NSW, Morton ::, - a.. 
NP, 35°02 13511 S r,-, < 
150°08 131 " E, 17.xi.2009, B. 2. s:::: 
Lessard, C. Manchester and ::::t. a 
D. Yeates (ANIC) ::, 0) BDL'l45 KC592654 KC592945 KC592737 KC593273 KC592519 AUSTRALIA: Vic, Mitchell 00 - - ......., 
River NP, Bull Creek Divide, I\.J Cl 
-37°41 11611 S 147°20146" E, w 
'-..., 
El. 54 Ill, 09 Dec 2011 U1 
-(ANIC) 0) I 
U1 xanthopilis BDL060 KC592595 KC592881 KC592993 - KC593101 - KC593228 KC592464 AUSTRALIA: QLD, .i,.. 
Cl 
Lamington NP, 28.210°S 
153.127°E, 9 Nov-2 Dec 
2008, G. Monteith (QM) I Pseucloscione I Pseucloscione austral is BDL034 KC592570 KC592859 - - - - - KC592440 ARGENTINA : Chubut Prov., 
2 km SE Alerces NP, 
42°59.361S 71 °33.991W, El. 
590 m, 23- 31 Dec 2005, 
ME Irwin 
BDL093 KC592623 KC592907 KC593020 KC592795 KC593126 KC592723 KC593249 KC592490 CHILE: Region X, Volcan 
Osorno, Parque Nacional 
Vicente Perez Rosales, 
41 °08 12911 S 72°32 106 11 W, 
El. 895 m, 9.ii.2011 , B. 
Lessard, D. Amorim and D. 
Yeates (ANIC) 
dorsoguttata BDL041 KC592577 KC592866 KC592976 KC592762 - KC593216 KC592447 ARGENTINA: Chubut Prov., 
2 km SE Alerces NP, 
42°59.361S 71 °33.991W, 
23-31 Dec 2005, M.E. 
Irwin 
BDL068 KC592603 KC592889 KC593001 KC592779 KC593108 KC592706 KC593231 KC592472 ARGENTINA: Rio Negro 
Prov., Nahuel Haupi, Rio 
Negro NP, 41 °22.49"5 
71 °44.16" W, 10 Feb 2010 
(ANIC) 
BDL069 KC592604 KC592890 KC593002 KC592780 KC593109 - KC593232 KC592473 ARGENTINA: Chubut Prov., 
Cholola, 42°27.02 1S 
71 °27.001W, El. 560 m, 23-
31 Dec 2005, M. Irwin 
BDL071 KC592781 - KC593233 KC592474 ARGENTINA: Chubut Prov., 
2 km SE entrance to 
Alerces NP, 42°59.3611 S 
71 °33.9911W, El. 590 m, M. tlJ ~ 
Irwin r-, 
m 
BDL094 KC592624 KC592908 KC593021 KC592796 KC593127 KC592724 KC593250 KC592491 CHILE: Region IX, Parque "' 
"' 0 
Nadonal Volcan Villarreca, a 
39°23 123 11 S 71 °5714411W, m ,..,. 
El. 1379 rn, 6.ii.2011, B. 0 ,-
Lessard, D. Amorim and D. 
........ 
s: 
Yeates (ANIC) 0 ~ 
PEETl000 KC592662 - - - - - - KC592524 ARGENTINA: Neuquen B 
Prov., Parque Nacional a -, 
Lanin, 1.5 km N Puerto cl ;:,-
's:: 
Canoa, 39°44.02 1S a 
l)q 
71 °30.861W, El. 1010 Ill , m ~ 25.xii.2005-2.i.2006, M. :::i. 
Irwin Q tn 0 < vittata BDL112 KC592640 KC592924 KC593038 KC592803 - KC592729 KC593262 KC592506 CHILE: Los Vilas, ;:, s::,_ 0 31 °59132 11 S 71 °30135 11 W, n, ........ 
<:: 
s:::: El. 31 m, 23.i.2011 , B. 0 :::: M-
Lessard, D. Amorim and D. ,..,. 
-· o· 0 
Yeates (ANIC) ;:, µ 0) 
[Parosca] latipalpis BDL035 KC592571 KC592860 KC592970 - KC593084 - KC593213 KC592441 CHILE: Los Lagos, Parque Oo ~ ......., 
Nacional Alerce Andino, N µ a 
Chaicra, i.2007, B. Brown w 0.. 
'--
viridiventis ' BDL095 KC592625 KC592909 KC593022 - KC593128 - KC593251 KC592492 CHILE: Region Vil, Parque u, a" 
-
-· Nacional Altos de Lircay, 0) 0 I 
Viliches Altos, 35°3612011 S u, (Jq .I>, 
71 °04122" W, El. 1209 111, a (I) 0 
29.i.2011, B. Lessard, D. (Jq 
Amorim and D. Yeates '"1 
(ANIC) .§ 
BDL110 KC592638 KC592922 KC593036 KC592802 KC593139 - - KC592504 CHILE: Region IV, Los Vilas, µ 
31 °53 147 11 S 71 °30139" W , '--< 
El. 24 111, 23.i.2011, B. 0 
Lessard, D. Amorim and D. H-i M-
Yeates (ANIC) µ 
BDL111 KC592639 KC592923 KC593037 - KC593140 - KC592505 CHILE: Region IV, Los Vilas, (I) 
31 °55 11311 S 71 °291 1811 W, VJ 
El. 83 m, 23.i .2011, B. 0 
-· Lessard, D. Amorim and D. 0 ,...... 
Yeates (ANIC) µ ,...... 
-· \0 [NZ gen.n.] adrel BDL 101 KC592630 KC592915 KC593028 - KC593131 - KC593254 KC592497 NEW ZEALAND: South µ 
-· (continued on next page) Ul 
w 
w 
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~ 
Island, Canaan Rd., Abel M-("D 
Tasman NP, 41 °00'29"5 """i 
l72°53'27"E, El. 692 Ill, 15 VJ 
Dec 2010 (AN IC) ("D 
< BDLl 02 KC592631 KC592916 l<C593029 - KC5931 32 - KC593255 l<C592498 NEW ZEALAND: North ("D 
Island, East Harbour ~ 
Reserve Park, 41 °18'1 l "S 
174°53 '39" E, 12 Dec 2010 
(ANIC ) 
lerclc1 BDL103 KC592632 KC592917 l(C593030 - KC593133 - l<C593256 KC592499 NEW ZEALAND: North 
Island, Kaimai Mamaku 
Forest Park, 38°01 ' 01 "S to 
175°57'03"E, El. 441 m, 10 q 
Dec 2010 (ANIC) r--, n, V, BDL 104 l<C592633 l<C593031 KC593134 l<C593257 KC592500 NEW ZEALAND: North V, - - - 0 
Island, East Harbour ti_ n, 
Reserve Park, 41 °18' 1 l "S 
...,. 
0 
174°53 '39" E, 12 Dec 2010 
,-
------(ANIC) s:: 0 
milleri BDLl 05 KC592634 KC592918 l<C593032 KC593135 KC593258 NEW ZEALAND: North ;;;-- - - n 
t:: Island, East Harbour Q 
.., 
Reserve Park, 41 °18' 11 11 S "O 
174°53'39"E, 12 Dec 2010 ~ 0 (ANIC) ()q n, BDL106 KC592635 KC592919 KC593033 KC593136 KC593259 KC592501 NEW ZEALAND: North ::, - - n, 
Island, Kaimai Mamaku ::!. c:: ' 
Forest Park, 38°01 ' 01 "S 0 ::, 
l 75°57'03"E, El. 441 Ill, 10 0.. 
rr, 
Dec 2010 (AN IC) < 0 
ricardoae BDL107 l<C592636 KC592920 KC593034 - KC593137 - KC593260 1((592502 NEW ZEALAND: South i=" 
::!. 
Island, Harwood Lookout 0 ::, 
on Route 60, 41 °02'05"5 0) Co 
172°51'19"E, El. 751 Ill, 15 
----
(\J 
Dec 2010 (ANIC) a 
-Lu BDL108 1((592637 1((592921 1((593035 - KC593138 - 1((593261 KC592503 NEW ZEALAND: NEW '---
u, 
ZEALAND: South Island, -0) 
Harwood Lookout on Route I u, 
60, 41 °02 105 11 S 
.i:,. 
a 
172°51'19"E, El. 751 Ill, 15 
Dec 2010 (ANIC) 
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according to the manufacturer's suggested reagent concentrations. 
Cycling conditions for 28S, COI and COII genes included an initial 
denaturation step at 95 °c for 5 min, followed by 33 cycles of a fur-
ther denaturation at 93 °C for 20 s, annealing at 50 °C for 40 s, and 
elongation at 72 °C for 2 min. A final elongation at 72 °C for 5 min 
was allowed to complete any unincorporated bases. Cycling condi-
tions for AATS and CAD genes included an initial denaturation at 
94 °c for 4 min, followed by three cycles of: 1) five cycles of dena-
turation at 94 °c for 30 s, followed by annealing at 57 °C for 30 s 
and elongation at 72 °C for 2 min; 2) seven cycles of denaturation 
at 94 °c for 30 s, followed by annealing at 51 °c for 1 min and elon-
gation at 72 °Cat 2 min; 3) Repeated 37 cycles of denaturation at 
94 °c for 30 s, followed by annealing at 45 °C for 20 s and elonga-
tion at 72 °C for 2 min. A final elongation of 3 min at 72 °C was al-
lowed to include any unincorporated bases. 
PCR products were visualised on 1 % agarose gels using SYBR 
Green I Nucleic Acid Gel Stain (lnvitrogen, UK) and cleaned using 
ExoSAP-IT® (GE Healthcare, UK) according to the manufacturer's 
instructions, and stored at 4 °C. Sequencing was performed using 
AB! (Foster City, CA) BigDye version 3 dye terminator sequencing 
technology and run on an ABI 3770 capillary sequencer. Sequenc-
ing PCR conditions were 40 cycles of 96 °C for 30 s, 42 °c for 15 s 
and 60 °C for 4 min. 
2.4. Alignment and phylogenetic analysis 
Nucleotide sequences were edited manually and contigs were 
produced for each specimen in GeneiousPro® (Drummond et al., 
2011; version 5.4.6; Biomatters Ltd., available from http: // 
www.geneious.com). Each locus was aligned independently using 
the Geneious Alignment and concatenated in GeneiousPro® to pro-
duce a final 5757 bp dataset (AATS; CAD regions 1, 3 and 4; COI; 
COil; 28S) for 176 taxa. Outgroups were chosen based on intrafa-
miliar and intertribal relationships with the Scionini and either se-
quenced or obtained from Genbank (Table 1 ). The general time-
reversible +invariant+ gamma (CTR+ I+ G) model was identified 
as the best model of substitution for each gene based on the Akaike 
Information Criterion (AIC) and hierarchical likelihood ratio test 
(hLRT) as determined by JModeltest (Darriba et al., 2012; Guindon 
and Gascuel, 2003; available online at http: //code.google.com/p/ 
jmodeltest2/). 
For Bayesian methods, four separate analyses using four chains 
(set at program defaults) were performed in MrBayes 3.1.2 (Huel-
senbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003 ) 
using the concatenated dataset partitioned by individual gene. 
Prior to running the concatenated analysis, each gene was analysed 
independently to confirm that the tree topology and clade mono-
phyly was mostly congruent for all loci. Individual nuclear gene 
markers (AATS and CAD regions 1, 3 and 4) supported the mono-
phyly and phylogenetic relationships of the majority of higher level 
taxa, including genera and subgenera, in addition to recovering the 
majority of species level relationships. Ribosomal 28S and the 
mitochondrial (COI and COII) genes recovered the majority of spe-
cies level relationships, but also provided some support for the 
monophyly of the higher clades, although the phylogenetic rela-
tionships among these higher clades were only weakly supported. 
Bayesian analysis was performed on the concatenated dataset for 
20 million generations, sampling every 1000 generations. A burn-
in of 5 million generations (or 25% of sampled trees) was chosen 
as a conservative value, with the final tree showing Posterior Prob-
abilities support for greater than 50%. Maximum likelihood (ML) 
analysis was performed on the same concatenated dataset online 
in RAxML Blackbox (Stamatakis et al., 2008; available online at 
http :/ /phylobench.vital- it.ch /raxml-bb/) using a gamma model of 
rate heterogeneity estimating the proportion of invariable sites. 
The ML topology largely agreed with the Bayesian analysis, and 
the support values of the ML analysis were mapped onto the 
Bayesian tree (Fig. 2 ). 
2.5. Divergence time estimation 
A time-calibrated phylogeny was inferred by analysing a re-
duced subset of the concatenated dataset, limited to a single gen-
eric or subgeneric representative (BDL001, BDL005, BDL009, 
BDL035, BDL037, BDL039, BDL066, BDL072, BDL078, BDL082, 
BDL087, BDL088, BDL093, BDL097, BDL101, BDL129, BDL149, 
BDL155, CA2, CA6, Peleper, PEET1005, PEET1007, PEET1049, 
PEET1070, Philros, PLIM180, NCSU1034, NCSU1138, SAM2, 
SIM1000, SIM1007, SIM1151, SIM1152, SIM1171, SIM1330, 
SIM1337, SIM1409 and SIM1500) in the statistical software 
program BEAST 1.7.4 (Drummond et al., 2012, available at 
beast.bio.ed.ac.uk). The subfamilies of the Tabanidae were con-
strained as monophyletic to ensure a similar topology to the Bayes-
ian and ML analysis described above. Two specimens of 
Athericidae were included in the analysis as the sister family of 
the Tabanidae, along with a member of the Pelechorynchidae cho-
sen as the overall outgroup. The dataset was partitioned into two 
codon positions, positions ( 1 + 2) and 3, both with unlinked rate 
parameters and base frequencies across codon positions ( codon 
partitions CP1 + 2.mu and CP3.mu priors specified as 0-1000), as 
well as partitioning into two separate clock models corresponding 
to the mitochondrial (COI and COII) and nuclear (AATS, CAD and 
28S) genes each with an estimated and uncorrelated lognormal re-
laxed clock (both clock model partitions ucld.mean priors specified 
as 1.0E- 5 to 1.0). The analys is was performed for 100 million gen-
erations sampling every 1000th using a CTR+ I+ G substitution 
model (with estimated base frequencies and six gamma categories ) 
and a Yule process of speciation ( commencing with a random 
starting tree). ·· 
A conservative normal prior of 142 MY (SD= 1) was placed on 
the node containing the Athericidae + Tabanidae, coinciding with 
the overlapping ages ( 144-140 MY) of the two independent and 
geographically dispersed fossils E. lordi and L.formosus (Section 2.2 ; 
Mostovski et al., 2003; Zhang, 2012 ). Additional calibration points 
in the form of other Tabanomorpha fossils were unused due to the 
limited genetic and taxon sampling of the outgroups. Moreover, 
the use of geological events as calibration points were omitted 
from the current analysis to provide unbiased divergence time esti-
mates of the radiation of the Scionini with respect to the fragmen-
tation of Gondwana. The resulting trees were processed in the 
BEAST companion program TreeAnnotator (version 1.7.4) with 
the burn in set to 10 million generations to produce a final consen-
sus tree ( Fig. 3 ). 
3. Results and discussion 
Phylogenetic relationships of the Tabanidae are depicted in 
Fig. 2. All clades are strongly monophyletic (PP> 90, BS> 75 ) un-
less otherwise stated. The Bayesian and ML analyses largely 
agreed with one another, with the exception of the following dif-
ferences in the ML analysis: Tabanus sp. (BDL149) grouped as sis-
ter to Dasybasis (ML bootstrap value [BS]= 74 ; Fig. 2) instead of 
the Haematopota + Hybomitra + Tabanus clade (Bayesian posterior 
probability [PP]= 62); and the unsupported sister rela tionships 
of Goniops to the Philolichini (PP= 75), S. (Scaptia) subcana + S. 
(Scaptia) lata species groups to S. (Myioscaptia) + S. (Plinthina ) 
(PP= 74), the main Australian S. (Scaptia) clade to Fidena + Pityo-
cera (PP= 51 ), and the deeper node containing the majority of 
Australian and South American Scionini clades, excluding 
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Fig. 3. Bayesian divergence time estimation of the Tabanidae. The oldest known horse fly fossils Eotabanoid lordi Mostovski et al., 2003 and Laiyangitabanus formosus Zhang, 
2012 were used to conservatively constrain the node containing the Athericidae + Tabanidae (normal prior 142 MY, 1 SD; GTR + I+ G; 100 mill ion genera tions; CP (1 + 2), 3; 
mtDNA. nucDNA). The continental fragmentation of Gondwana is disp layed by the vertica l co lour bars. t indicates the newly revised gene ra that previously belonged to the 
genus Scaptia. NZ. New Zealand; SA, South America. 
Anzomyia and S. (Pseudoscione) fro m Australia and New Zealand 
(PP= 77). 
The m onophyly of t he Taban idae subfamilies were strongly 
suppo rted in both the Bayesian and ML analyses of the molecular 
data , includ ing the Ch ryso psinae (PP= 79, BS= 46 ; Fig. 2), Tabani-
nae (PP= 100, BS= 98 ) and the Pa ngoniinae (PP= 100, BS= 100). 
Th is is reinfo rced by the previous m olecular studies of Wiegmann 
et al. (2000 ) and Morita (2008 ), w ho a lso demonstrated the strong 
m onophyly of the subfam ili es of t he Tabanidae. Unfortunately, the 
subfamily Scepsidinae has yet to be included in any molecular 
ana lysis of the Tabanidae. The inclusion of the Scionini confirms 
the placement of the tribe within a strongly supported monophy-
le t ic Pango nii nae . 
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3.1. Monophyly of the Pangoniinae tribes 
The Pangoniini was strongly supported as monophyletic 
(PP= 100, BS= 100; Fig. 2) and sister to the Mycteromyiini 
(PP= 100, BS= 100). Both tribes were strongly supported as sister 
to the remainder of the Pangoniinae (PP= 100, BS= 100). The Phi-
lolichini was also strongly supported as monophyletic (PP= 100, 
BS= 100), corroborating the results of Morita (2008 ). The Scionini 
recovered as a robust monophyletic tribe (PP= 100, BS= 99 ), with 
the exclusion of the unusual monotypic genus Goniops; this unique 
genus was firmly separated from the Scionini in both analyses 
(PP= 100, BS= 97 ), and recovered as sister to the Philolichini in 
the Bayesian analysis only (PP= 75 ). This is unsurprising given 
Evolution and biogeography of the Scionini 
B.D. Lessard et al./ Molecular Phylogenetics and Evolution 68 (2013) 516-540 537 
the large geographical disjunction between Goniops and other Scio-
nini (eastern United States of America vs. the Southern Hemi-
sphere; Fig. 1 ). The unique morphological features of Goniops, 
including the bare eyes, widened frons of females, extremely re-
duced proboscis and cylindrical palpi, further differentiates the 
genus from the remainder of the Scionini. These molecular results, 
combined with the distinct morphology of the genus, advocate the 
removal of Goniops from the Scionini (hereby defined to exclude 
Goniops, and therefore a robust monophyletic tribe) and its place-
ment into a novel tribe, i.e. Goniopsini, since it does not fall within 
one of the existing tribes and the phylogenetic placement of the 
genus is dependent on the method of phylogenetic inference. 
3.2. Paraphyly within Scaptia 
The most widely distributed genus Scaptia was radically para-
phyletic and comprised 11 well-supported monophyletic subc-
lades (Fig. 2). Moreover, the South American genera Fidena, 
Pityocera and Scione recovered within the genus Scaptia and only 
two of the subgenera of Scaptia, Myioscaptia + Plinthina, formed a 
strongly supported clade (PP= 100, BS= 100). The subgenus Scaptia 
(Lepmia) grouped as sister to the South American clade containing 
Scione. The subgenus Scaptia (Scaptia) was also paraphyletic and 
formed four highly supported clades, corresponding to Scaptia 
(Scaptia) subcana, Scaptia (Scaptia) lata, Scaptia (Scaptia) gutta-
ta + singularis, and the major Australian Scaptia (Scaptia) clade 
which was sister to the South American genera Fidena + Pityocera. 
This was also the case for the subgenus Scaptia (Pseudoscione), 
which recovered as paraphyletic and was divided into four distinct 
clades, corresponding to species from New Zealand, Australia, and 
two South American clades. Unfortunately, the backbone support 
for the Scionini was somewhat weak in both analyses. Using the 
proposed cut off values of PP> 90, BS> 75, there are nine well-sup-
ported clades of Scionini discussed further below. 
3.3. Resurrection of previously synonymised genera in Scaptia 
In order to assess the paraphyly within Scaptia, type species 
belonging to either the current subgenera or previously synony-
mised genera were sequenced and included in the analysis. Results 
indicated that the four divisions of the paraphyletic subgenus Scap-
tia (Scaptia) correspond to Scaptia sensu stricto (type species aurata, 
Australia), and the previously synonymised genera Apocampta 
Schiner, 1867 (type species subcana, Australia), Osca Walker, 
1850 (type species lata, South America) and Triclista Enderlein, 
1922 (type species singularis, Australia). Similarly, the four divi-
sions of the paraphyletic subgenus Scaptia (Pseudoscione) corre-
spond to Pseudoscione sensu stricto (the clade containing 
vitatta + australis + dorsoguttata, South America), the previously 
synonymised g~nera Copidapha Enderlein, 1922 ( type species roei, 
Australia) and Parosca Enderlein, 1922 (type species viridiventris, 
South America), as well as a putative novel genus of New Zealand 
species ( ad rel, mil/eri, lerda and ricardoae ), hereby referred to as NZ 
gen.n. In addition, sampling of the type species of the Scaptia sub-
genera Myioscaptia (type species violacea, Australia) and Plinthina 
(type species binotata, Australia) indicate the firm separation of 
these subgenera from Scaptia sensu stricto. 
The nine well supported clades (formed when applying the 
strict cut off values mentioned above) correspond to: (1) Anzo-
myia + NZ gen.n.; (2) Copidapha; (3) Apocampta; (4) Osca; (5) Myio-
scaptia + Plinthina; and a larger clade consisting of (6) Triclista; (7) 
Lepmia + Scione + Parosca + Pseudoscione; (8) Pityocera + Fidena, and 
finally; (9) Scaptia (Fig. 2). The paraphyly of Scaptia is unsurprising 
given that the subgenera are weakly diagnosed on the combination 
of few morphological characters. The molecular results suggest 
that the resurrection of the previously synonymised genera will 
correct the paraphyly within Scaptia and advocate the resurrection 
of the following genera of Scionini; Apocampta, Copidapha and Tri-
clista from Australia, and Osca and Parosca from South America. The 
distinct monophyly in the molecular analyses also supports raising 
the subgenera of Scaptia to genus level, specifically Lepmia, Myio-
scaptia, Plinthina, and Pseudoscione, as well as the inclusion of a 
putatively novel genus, NZ gen.n. A formal taxonomic revision of 
the Scionini is in preparation. 
3.4. Congruence with morphological evidence 
The molecular phylogeny of the Scionini largely confirms the 
morphological classification of the tribe, however, this new molec-
ular evidence necessitates the resurrection of several genera previ-
ously reduced to synonymies of Scaptia. Anzomyia and NZ gen.n. 
are distinguished from other Scionini by the dark hairy appearance, 
frons usually diverging at base, and short, thick proboscis. Copid-
apha also possess a narrow and strongly diverging frons, however, 
the proboscis is considerably longer, exceeding one and a quarter 
times the height of the head. Despite the modest nodal support 
for monophyly (PP= 71, BS= 83), Australian Apocampta and South 
American Osca share sabre-like palpi, a short and thick proboscis 
with expansively developed labella, and an elongate oblong-
shaped abdomen, usually with dense lateral tufts of hairs. In con-
trast, the strongly supported clade of individually distinctive gen-
era Myioscaptia + Plinthina ( PP = 100, BS = 100) are distinguished 
by relatively few generalised characters, such as a narrow, parallel 
frons, relatively short and thick proboscis, and extensively broad, 
flattened and rounded palpi. 
The remaining genera are all robustly built flies with relatively 
thick and stout abdomens. The Australian genera Triclista and Scap-
tia generally share truncated faces, short and thick proboscis with 
well-developed labella, and large sabre-like palpi, as it is unsur-
prising that Triclista was previously synonymised under Scaptia gi-
ven the modest differences of the larger size and closure of the 
wing cells Rs and M3 • Despite an absence in monophyly, the South 
American genera Parosca, Pseudoscione, Scione, Pityocera and Fidena 
are morphologically similar and united by the snout-like faces, 
along with the elongated and slender proboscis with reduced 
labella. Scione is distinguished from Parosca and Pseudoscione by 
the usually tapered palpi and wings with closure of the cells Rs 
and M3, with Parosca and Pseudoscione sharing shorter, broader 
palpi and wings with open cells Rs and M3. Both Fidena and Pityo-
cera are linked through the strongly projecting and obviously shin-
ing faces, and an extremely long and slender proboscis that 
exceeds at least one and a half times the length of the head, with 
extremely reduced labella. 
The newly resurrected genera are also supported by morphol-
ogy. Australian Copidapha is distinguished from all other members 
of the Scionini by the combination of the truncate to moderately 
bulging face, frons moderately diverging at base, and long and 
slender proboscis with small labella. Apocampta is distinguished 
by the smaller size, narrowed abdomen without obvious lateral 
fringes of hair and black radially stained wings. In contrast, Osca 
is separated from the former genus by the larger size, broad build, 
abdomen with dense lateral fringes of hair and wings without 
obvious staining. The closely related clade of Parosca + Pseudosci-
one has been divided into the two separate genera, since each con-
tain a unique type species and distinct morphological differences; 
Parosca is diagnosed by the broader build and la rger extensively 
flattened palpi, whereas Pseudoscione possess short and thick palpi 
with a prominent bare lateral concavity. Finally, the putative novel 
genus from New Zealand can be distinguished from other members 
of the Scionini by the combination of the narrow and diverging 
frons, short proboscis, and large, slender palpi that are tapered 
and often dorsally rotated with a conspicuous lateral bare area. 
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Further studies are needed to determine if these morphological 
characters are useful in a phylogenetic context. 
3.5. Evolution of the Tabanidae 
The topology of the divergence time estimation tree (Fig. 3) 
largely agreed with the Bayesian and ML analyses (Fig. 2), with 
the following exceptions: Coniops weakly grouped as sister to the 
Scionini as found in the ML analysis (PP= 73 ); within the South 
American clade supported in all analyses (Lepmia + Parosca + 
Scione + Pseudoscione), Pseudoscione was sister to Scione (PP= 92 ) 
instead of Parosca as in Fig. 2; and the Australian genera Triclista 
and Scaptia formed a well-supported clade (PP= 98). 
Divergence time estimates revealed that the subfamilies of the 
Tabanidae originated at 96.9 MY in the late Cretaceous (Fig. 3), 
forming two distinct clades corresponding to the Pangoniinae 
and Chrysopsinae + Tabaninae. Following this, the Chrysopsinae 
and Tabaninae diverged at 70.8 MY in the late Cretaceous/early 
Paleogene. This is somewhat older than the 57 MY split between 
the Chrysopsinae and Tabaninae estimated in the time-calibrated 
tree of all Diptera by Wiegmann et al. (2003 ). This previous study, 
however, was limited to two individuals representing each sub-
family and used only a single fragment of the 28S gene. In the pres-
ent study, the tribes of the Pangoniinae began to diversify at 
86.2 MY with the formation of two main clades of Mycteromyi-
ini + Pangoniini and Philolichini + Scionini + Coniops. The Mycter-
omyiini and Pangoniini separated at 66.4 MY and the Pangoniini 
crown began to diversify at 45.1 MY, with the tribes contemporary 
genera and subgenera formed by 18.7 MY. Finally, the tribe Philoli-
chini diverged from Coniops + Scionini at 75.9 MY during the 1ate 
Cretaceous. 
3.6. Biogeography of the Pangoniinae 
The global radiation patterns of the Pangoniinae can be assessed 
by corroborating the results of the divergence time estimation with 
the timing of the sequential breakup of the ancient supercontinent 
Gondwana. The Nearctic clades in the analysis, including Coniops, 
Pegasomyia, Esenbeckia (Re. ) and Silvius+ Chrysops, arose between 
69.5 and 18.7 MY (Fig. 3). This was well after the fragmentation 
of Laurasia from Gondwana which occurred at 180-160 MY (San-
martfn and Ronquist, 2004) when the Pelecorhynchidae, Atherici-
dae and Tabanidae still all shared a common ancestor. These 
recent diversification dates of the Tabanidae from the Nearctic sug-
gest that the Holarctic was more recently colonised, most likely via 
long distance dispersal of South American ancestors migrating 
along the volcanic islands that eventually formed the Central 
American Peninsula by 23-14 MY (Kirby et al., 2008). Similarly, 
African members of the Philoliche diversified from the Scionini at 
75.9 MY. This was nearly 20 MY after the fragmentation of Africa 
from the remainder of Gondwana during the mid-Cretaceous at 
110-95 MY (Sanmartfn and Ronquist, 2004), suggesting that Africa 
was colonised after the separation of the continent from Gondw-
ana, most likely via long distance dispersal. Conversely, the coloni-
sation of Africa by the Philolichini may be alternatively explained 
by plausible vicariance, since the nodes confidence interval does 
overlap with the serration of Africa from Gondwana (102.7-
47.2 MY). Furthermore, more recent divergence was exhibited in 
the African members of Haematopota + Tabanus and Rhigioglossa, 
suggesting mechanisms of long distance dispersal for these genera. 
The Scionini appear to be a classic Gondwanan group, with 
Mackerras (1960, p. 7 ) stating "the Scionini of Australia, New Zea-
land and South America clearly came from a common stock, and 
there has been vigorous adaptive radiation in the two larger conti-
nents. Whether this was achieved by drifting continents, or by 
some other means, is a question that biological evidence cannot 
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answer". The results of all three analyses revealed that Anzo-
myia + NZ. gen.n. are sister to the reminder of the Scionini (Figs. 2 
and 3 ), a typical pattern exhibited in many Gondwanan groups 
where the New Zealand tax.a are often sister to Australian and 
South American members (Crisp et al., 2011; Sanmartfn and Ron-
quist, 2004). Divergence time estimates suggest the separation of 
Anzomyia + NZ gen.n. from the remaining Scionini (52.7 MY; S1: 
Fig. 3) occurred sometime after Zealandia, the ancient landmass 
that eventually gave rise to modern New Zealand, separated from 
the remainder of Gondwana at 82-70 MY during the late Creta-
ceous (Crisp et al., 2011; Sanmartfn and Ronquist, 2004). This sug-
gests that New Zealand was colonised more recently via long 
distance dispersal. 
Long distance dispersal of Australian fauna to New Zealand may 
have been facilitated by a series of atolls similar to today's Kerma-
dec Islands that once connected Zealandia to the rest of Gondwana. 
Such atolls may have been more pronounced or even connected 
during periods of glaciation, similar to when mainland Australia 
was connected to Tasmania during the recent glaciation events of 
approximately 9000-6500 years ago. The larvae of some Scionini 
genera are known to develop within close proximity to decaying 
tree trunks (Coscar6n and Gonzalez, 1989), which may have floated 
from Australia to New Zealand and henceforth radiated. While 
unusual, this hypothesis is plausible given that the larval develop-
ment of horse flies can take up to 3 years to complete (Coscar6n 
and Gonzalez, 1989; English, 1955 ), giving time to survive such a 
journey. An alternative hypothesis for the colonisation of New Zea-
land may still be explained by vicariance, as the confidence interval 
of the node containing the split between Anzomyia + NZ gen.n. and 
the remainder of the Scionini overlaps with the fragmentation of 
Zealandia from Gondwana (74.5-32.5 MY; S1: Fig. 3 ). Mackerras 
(1957, p. 583 ) hypothesised that "New Zealand has been too iso-
lated since the Pleistocene for recolonisation to have occurred, 
but there is enough evidence of recent speciation to suggest 
rehabilitation of a previously depressed fauna" . Either scenario 
may have led to the colonisation of New Zealand, including 
vicariance of ancestral fauna that have since suffered an extinction 
event. such as the drowning of Zealandia during the Oligocene 
(35-24 MY), with survivors undergoing subsequent speciation, or 
alternatively, more recent long distance dispersal of Australian fau-
na to vacant niches of New Zealand with subsequent speciation. · 
Long distance dispersal of Australian flies to New Zealand has 
been previously reported in the literature; a limited number of 
individuals of Comptosia moretonii Macquart, 1855 (Diptera: 
Bombyliidae), a predominantly south eastern Australian species, 
have been collected from the South Island of New Zealand and 
were suggested to have migrated across the Tasman Sea by wind 
drifting (Yeates, 1991 ). 
The colonisation of Australia and South America by the Scionini 
is less obvious, as Mackerras (1955, p. 490 ) confirmed "it is difficult 
to define a precise point of division between the series". In the 
present molecular study it is also difficult to infer the number of 
sister-group splits between Australian and South American clades 
due to poor nodal support on the trees backbone (Fig. 2). Well sup-
ported nodes which include splits between Australian and South 
American taxa were dated at 44.4 (S2: Fig. 3) and 38.9 MY (S3: 
Fig. 3) and coincide with the fragmentation of South America from 
Australia at 40-28 MY ago in the Paleogene (Cris p et al., 2011; San-
martfn and Ronquist, 2004). Therefore the colonisation of Australia 
and South America by the Scionini was most likely due to ancient 
vicariance, perhaps using Antarctica as a biological corridor for 
migration. Furthermore, the short branch lengths exhibited in all 
analyses (Figs. 2 and 3) suggest that the genera rapidly radiated, 
possibly coinciding with the exploitation of new, previously unoc-
c'upied niche-space. These results are somewhat in accordance 
with the previous divergence time estimates of Cranston et al. 
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(2010, 2012 ) and Krosch et al. (2011 ), who independently demon-
strated that the Gondwanan pattern in the current biogeography of 
the Chironomidae was formed by processes of both vicariance and 
long distance dispersal. 
Mackerras (1960) hypothesised that the Scionini may have 
evolved in a temperate Antarctica and radiated out to New Zea-
land, Australia and South America. Although the Antarctic taxa 
are extinct, given the dominant presence of Australian clades with 
the South American genera nestled within, it is plausible that the 
Scionini are Australian in origin and subsequently radiated out into 
the Southern Hemisphere. Based on all analyses ( Figs. 2 and 3 ), 
there appears to be at least three main waves of radiation from 
Australia; (1) the colonisation of New Zealand by the NZ. gen.n. 
lineage; (2) the radiation of the Osca lineage to South America; 
and (3) the radiation of Lepmia + Parosca + Scione + Pseudoscione 
and Pityocera + Fidena also to South America. Based on the unsam-
pled taxa, there may be a possibility for two additional radiations 
of the Scionini from Australia, including a second more recent dis-
persal to New Zealand by Anzomyia herculensis Lessard, 2012, the 
only New Zealand species of Anzomyia, and a separate dispersal 
to South America by the Pseudomelpia lineage. Mackerras ( 1960 ) 
also hypothesised that the Australian Scionini colonised New 
Guinea more recent during the glaciation events of the Pleistocene 
ice age. Therefore, based on this molecular data, the Scionini are 
most likely Australian in origin and have radiated into New 
Zealand and South America via complex mechanisms of both long 
distance dispersal and vicariance. 
4. Conclusion 
This study successfully reconstructed the phylogenetic relation-
ships of the austral horse fly tribe Scionini using multiple indepen-
dent molecular markers. Molecular data have proven useful in 
resolving the systematic relationships of a taxonomically difficult 
group, despite the limited traditional morphology-based classifica-
tion schemes, although some deeper nodes within the tribe still re-
main unclear. The genus Scaptia requires significant taxonomic 
revision as it currently comprises several subgenera which are rec-
ommended to be raised to genus level (Lepmia, Myioscaptia, Plinth-
ina and Pseudoscione), in addition to the resurrection of several 
genera (Apocampta, Copidapha, Parosca, Osca and Triclista) which 
were previously reduced to synonymies of Scaptia. The molecular 
data also supported a putative novel genus endemic to New Zea-
land, which will be formally described in a subsequent publication. 
The molecular data, combined with distinct morphological evi-
dence, supports the removal of the Nearctic genus Coniops from 
the Scionini, resulting in the exclusive Southern Hemisphere distri-
bution of the tribe. Unfortunately, some unique taxa of the Scionin-
i, including Coenopangonia, and the former Scaptia subgenera 
Palimmecomyia and Pseudomelpia, were unable to be sampled in 
the present molecular analyses and are desired for future genetic 
studies. Based on distinct morphology, Caenopangonia is expected 
to belong to the Mycteromyiini instead of the Scionini, and Pali-
mmecomyia and Pseudomelpia are expected to represent unique 
genera of the Scionini. 
Divergence time estimates based on the genetic data and fossil 
record placed global biogeographic radiations of the Pangoniinae in 
a temporal context. Results indicated that the Scionini are a typical 
Gondwanan group that most likely originated in Australia, with 
subsequent radiation into the Southern Hemisphere. Moreover, 
the current biogeography of the Scionini is explained by a dynamic 
process involving both plausible long distant dispersal to New Zea-
land and vicariant migration to South America. Future investiga-
tions should focus on more extensive sampling of the South 
American genera, particularly the subgenera of Fidena and Pityo-
cera, which will aid supplementary taxonomic revisions of the 
tribe. 
Acknowledgments 
Authors would like to thank Shelah Morita (Smithsonian Insti-
tute, Washington DC, USA) and Brian Cassel (North Carolina State 
University, Raleigh, USA) for their collaboration, technical involve-
ment and support. We would also like to acknowledge the field 
and/or laboratory assistance of Kelly Meiklejohn and James Wall-
man (University of Wollongong, Australia), Tom Everingham and 
Peter Cranston (Australian National University, Canberra, Austra-
lia), Leigh Nelson, Nicole Gunter, Sara Pinzon-Navarro, Chris Man-
chester, Catie Smith, Andrew Thornhill (CSIRO Ecosystem Sciences, 
Canberra, Australia), Julia Mynatt and Michael Shackleton (La 
Trobe University, Albury, Australia ), Dalton de Souza Amorim (Uni-
versity of Sao Paulo, Ribeirao Preto, Brazil ), Steven Turner, Mauren 
Turcatel and Isaac Winkler (North Carolina State University, Ra-
leigh, USA). We would also like to thank Simon Ho (University of 
Sydney, Australia ) for advice on the program BEAST, and to those 
who allowed access to their respective collections and for loaning 
of material, including Richard Wilkerson and Jim Pecor (Smithso-
nian Institution, Suitland, USA), Kim Goodger and Erica McAlister 
(The Natural History Museum, London, United Kingdom ), Shawn 
Clark (Monte L. Bean Life Sciences Museum, Brigham Young Uni-
versity, Utah, USA ), John Morris and Samuel Brown (Entomology 
Research Museum, Lincoln University, New Zealand ), Ricardo Pal-
ma (Museum of New Zealand Te Papa Tongarewa, Wellington, 
New Zealand ), Greg Daniels (University of Queensland Insect Col-
lection, Brisbane, Australia ). Christine Lambkin and Geoff Thomp-
son (Queensland Museum, Brisbane, Australia ). Shaun Winterton 
and Desley Tree (Queensland Department of Primary Industries In-
sect Collection, Brisbane, Australia), Terry Houston and Brian Ha-
nich (Western Austra.lian Museum. Australia ), and Peter Hudson 
(South Australian Museum. Adelaide, Australia ). This paper is a 
product of the Australian Biological Resources Study (ABRS ) Na-
tional Taxonomy Research Grants Program "The Taxonomy, Sys-
tematics and Biogeography of Australian Horse Flies (Dipte ra: 
Tabanidae )" (BBC210-21 ) and the NSF Partnerships Enhancing 
Expertise in Taxonomy (PEET) Grant "Taxonomic, Phylogeneti c 
and Evolutionary Studies of Horse Flies (Diptera: Tabanidae): An 
Integrated Approach to Systematics Training" ( DEB 0731528 ). This 
research is built upon the founding work of Dr. Ian Mackerras. 
Appendix A. Supplementary material 
Supplementary data associated with this article can be found , in 
the online version, at http://dx.doi.org/10.1016/j.ympev.2013. 
04.030. 
References 
Coscar6n, S., Gonzalez, C., 1989. Preimaginal stages of "Colihuacho" Scaptia (Scaptia ) 
lata (Guerin-Meneville) (Tabanidae, Diptera). Acta Ent. Chi!. 15. 249-256. 
Coscar6n, S., Gonzalez, C.R., 2001. Systematic position and redescription of Scaptia 
(Pseudomelpia) horrens Enderlein, 1925 (Diptera: Tabanidae: Pangoniinae). Acta 
Ent. Chi!. 25, 31-40. 
Coscar6n, S., lide, P., 2003. The subgenus Scaptia (Lepmia) fairchild: redescription of 
fema les and description of ma le (Diptera: Tabanidae: Pangoniinae). Mem. Inst. 
Oswaldo Cruz 98, 757-760. 
Coscar6n, S., Philip, C.B., 1979. A revision of Mycteromyiini ("genus Mycteromyia" of 
authors), a new tribe of neotropical horse flies (Diptera, Tabanidae). Proc. Cal. 
Acad. Sci. 41, 427-452. 
Coscar6n, S., Wi lkerson, R.C., 1985. South American Scaptia (Scaptia) (Diptera: 
Tabanidae) w ith a key to species of the subgenus. MYIA 3, 277-298. 
Cra nston , P.S., Hardy, N.B., Morse, G.E., Puslednik, L., McCluen , S.R., 2010. When 
molecu les and morphology concur: the 'Gondwanan' midges (Diptera: 
Chiro nomidae). Syst. Ent. 35, 636-648. 
Cra nston, P.S., Hardy, N.B., Morse, G.E., 2012. A dated molecular phylogeny for the 
Chironomidae (Diptera). Syst. Ent. 37, 172-188. 
125 
Chapter Seven 
540 B.D. Lessard et al./Molecular Phy logenetics and Evo lution 68 (2013) 516-540 
Crisp, M.D., Trewick, S.A., Cook, LG., 2011. Hypothesis testi ng in biogeography. TREE 
26, 66-72. 
Darriba, D., Taboada, G.L., Doallo, R., Posada, D., 2012. JModelTest 2: more models, 
new heuristics and parallel computing. Nat. Meth. 9, 772. 
Drummond, A.J ., Ashton, B., Buxton, S., Cheung, M., Cooper, A. , Duran, C., Fie ld , M., 
Heled, J., Kearse, M., Markowitz, S., Moir, R., Stones-Havas, S., Sturrock, S., 
Thierer, T., Wi lson, A. , 2011. Geneious v5.4. <http ://www.geneious.com>. 
Drummond, A.J., Suchard, M.A., Xie, D., Rambaut, A., 2012. Bayesian phylogenetics 
with BEAUti and the BEAST 1.7. Mol. Biol. Evol. 29, 1969-1973. 
Enderlein, G., 1922. A new classification of the Tabanidae. Mitt. Zoo!. Mus. Berlin 10, 
335-351. 
Enderlein, G., 1925. Studies on blood-sucking insects. 1. Foundation of a new system 
of classification of the Tabanidae. Mitt. Zoo!. Mus. Berlin 11, 253-409. 
English, K.M.I., 1955. Notes on the morphology and biology of Scaptia violacea Tay!. and 
a new species of Scaptia (Diptera, Tabanidae ). Proc. Linn. Soc NSW 79, 219-229. 
Foil, L.D., 1989. Tabanids as vectors of disease agents. Parasitol. Today 5, 88-96. 
Foil, L., Adams, W.V., lsse l, CJ., Pierce, R., 1984. Tabanid (Diptera ) populations 
associated with an equine infectious anemia outbreak in an inapparently 
infected herd of horses. J. Med. Ent. 21, 28-30. 
Foil, L.D., Seger, C.L., French, D.D., Issel, C.J., McManus, J.M., Ohrberg, C.L., Ramsey, 
R.T., 1988. Mechanical transmission of bovine leukemia virus by horse flies 
(Di ptera : Tabanidae). J. Med. Ent. 25, 374-376. 
Grimaldi, D.A., Arillo, A., Cummings, J.M., Hauser, M., 2011. Brachyceran Diptera 
(Insecta ) in Cretaceous ambers, Part IV, significant new orthorrhaphous taxa. 
ZooKeys 148, 293-332. 
Guindon, S., Gascuel, 0., 2003. A simple, fast and accurate method to estimate large 
phylogenies by maximum-likelihood. Syst. Biol. 52, 696- 704. 
Hueisenbeck, J.P., Ronquist, F., 2001. MRBAYES: Bayesian inference of phylogeny. 
Bioinformatics 17, 754-755. 
Johnson, S.D., Morita, S., 2006. Lying to Pinocchio : floral deception in an orchid 
pollinated by long-proboscid flies . Bot. J. Linn. Soc. 152, 271-278 . 
Kirby, M.X., Jones, C.S., MacFadden, B.J., 2008. Lower Miocene stratigraphy along the 
Panama canal and its bearing on the central American Peninsula. PLoS ONE 3, 1-
14. 
Krinsky, W.L., 1976. Animal disease agents transmitted by horse flies and deer flies 
(Diptera: Tabanidae). J. Med. Ent. 13, 225-275. 
Kri:iber, 0., 1930a. Die Pityocerini (Tabanidae ) der neotropischen region. Zoo!. Anz. 
88, 305-312. 
Kri:iber, 0., 1930b. Die sudamerikanischen Arten der Gattung Scione Walker, 1850 
(=Rhinotriclista Enderlein, 1922) (Diptera ). Stett. Ent. Zeit. 91, 141-1 74 . 
Kri:iber, 0., 1933. Die neotropischen Arten der Tabanidengattung Fidena Walker. 
Arch. F. Naturg. 2, 231-284. 
Krosch, M.N., Baker, A.M., Mather, P.B. , Cranston, P.S., 2011 . Systematics and 
biogeography of the Gondwanan Orthocladiinae (Diptera : Chironomidae). MPE 
59, 458-468. 
Lessard, B.D., Yeates, D.K., 2011. New species of the Australian horse fly subgenus 
Scaptia (Plinthina ) Walker 1850 (Diptera: Tabanidae), including species 
descriptions and a revised key. Aust. J. Ent. 50, 241-252. 
Lessard, B.D., Yeates, D.K. , 2012a. Anzomyia (Diptera : Tabanidae : Pangoniinae : 
Scionini): a new genus of Australian and New Zealand horse fly, including the 
description of three new species. Ins. Syst. Evol. 43, 101-116. 
Lessard, B.D., Yeates, D.K. , 2012b. Seven new Australian species of the southern 
hemisphere horse fly subge nus Scaptia (Pseudoscione) (Diptera : Tabanidae ), 
including descriptions and a revised key. J. Med. Ent. 49 , 1206-1225. 
Lessard, B.D., Yeates, D.K., 2013. New Aus t ra li an species of the ha iry-eyed horse fly 
subgenera Scaptia (Myioscaptia) Mackerras, 1955 and Scaptia (Scaptia) Walker, 
1850 (Diptera: Tabanidae ). Zootaxa, in press. 
Liu, H., Beckenbach, A.T., 1992. Evolution of the mitochondrial cytochrome oxidase 
II gene among 10 orders of insects. MPE 1, 41-52. 
Lutz, A., Araujo, H.C., De, S., Fonseca, O.Da, 1918. Viagem scientifica no Rio Parana e 
a Ass uncion com vo lta por Buenos Aires, Montevideo e Rio Grandae. Mem. Inst. 
Oswaldo Cruz 10, 104-173. 
Mackerras, l.M., 1954. The classifica tion and distribution of Tabanidae (Diptera ). I. 
General review. Aust. J. Zoo!. 2, 431-454. 
Mackerras, J.M., 1955. The classification and distribution of Tabanidae (Diptera ). II. 
History, morphology, classification. Subfamily Pango niinae. Aust. J. Zoo!. 3, 439-
511. 
Mackerras, l.M., 1957. Tabanidae (Diptera) of New Zealand. Trans. Roy. Soc. New 
Zeal. 84, 581-610. 
Mackerras, l.M ., 1960. The Taban idae (Diptera ) of Australia Ill. Subfamily 
Pangoniinae, tribe Scionini and supplement to Pango niini . Aust. J. Zoo!. 8, 1-
152. 
Mackerras, l.M., 1961. The zoogeograp hy of wes tern Pacific Tabanidae (Diptera ). 
Pac. Ins. Mo n. 2, 101 -106. 
Mackerras , l.M .. 1964. The Tabanidae (Di ptera) of New Guinea. Pac. Ins. 6, 69-210. 
Mackerras, l.M ., Spratt, D.M., Yeates, D.K., 2008. Revision of the horse fly genera 
Lissimas and Cydistomyia (Diptera: Tabanidae: Diachlorini ) of Australia. Zootaxa 
1886, 1-80. 
Martins-Neto, R.G ., 2003. The fossil tabanids (Diptera Tabanidae): when they began 
to appreciate warm blood and w hen they began transmit diseases? Mem. Inst. 
Oswaldo Cruz 98, 29-34. 
126 
Martins-Neto, R.G., Santos, J.C., 1994. Um novo genera e uma especie de Mutuca 
(Insecta, Diptera, Tabanidae) da Formac;ao Santana (Cretaceo Inferior). Bacia do 
Araripe Nordeste do Brasil. Acta Geo. Leopo ldensia 39, 289-297. 
Morita , S.I., 2008. A phylogeny of long-tongued horse flies (Diptera : Tabanidae: 
Philoliche ) with the first cladistic review of higher relationships wi thin the 
family. Invert. Syst. 22, 311-327. 
Mostovski, M.B., Jarzembowski, E.A., Coram, R.A., 2003. Horseflies and athericids 
(Diptera : Tabanidae, Athericidae ) from the lower Cretaceous of England and 
Transbaikalia. Paleontol. J. 37, 162-169. 
Moulton, J.K., Wiegmann, B.M., 2004. Evolution and phylogenetic utility of CAD 
( rudimentary) among Mesozoic-aged Eremoneuran Diptera (Insecta ). MPE 31, 
363-378. 
Oldroyd, H., 1947. The Diptera of the territory of New Guinea XN. Fami ly 
Tabanidae. Part II. Pangoniinae, except the genus Ch1ysops. Proc. Linn. Soc. 
NSW 72, 125-142. 
Pape, T., Thompson, F.C., 2012. Systema dipterorum (version 2.0, Jan 2011 ). In : 
Bisby, F., Roskov, Y., Culham, A., Orrell , T. , Nicolson, D., Paglinawan, L., Bailly, N., 
Kirk, P., Bourgoin, T., Baillargeon, G. (Eds. ), Species 2000 & ITIS Catalogue of Life. 
Digital resource at www.catalogueoflife.org/col / . Species 2000, Reading, UK. 
Accessed ( 04.02.13 ). 
Reid, S.A, Husein, A., Partoutomo, S., Copeman, D.B., 2001. The susceptibi lity of two 
species of wallaby to infection with Trypanosoma evansi. Aust. Vet. J. 79, 285-288. 
Ren, D., 1998. Late Jurassic Brachycera from northeastern China ( lnsecta : Diptera ). 
Acta Zootax. Sin. 23 , 65-83. 
Ronquist, F., Huelsenbeck, J.P. , 2003. MRBAYES 3: Bayesian phylogenetic inference 
under mixed models. Bioinformatics 19, 1572-1574. 
Sanmartin, I. , Ronquist, F., 2004. Southern hemisphere biogeography inferred by 
event-based models: plant versus animal patterns. Syst. Biol. 53, 216-243. 
Scoles , G.A. , Miller, J.A. , Foil, L.D ., 2008. Comparison of the efficiency of biological 
transmission of Anaplasma marginale (Rickettsiales : Anaplasmataceae) by 
Dermacentor andersoni Stiles (Acari: Ixodidae ) with mechanical transmission 
by the horse fly, Tabanus fuscicostatus Hine (Diptera : Muscidae ). J. Med. Ent. 45 , 
109-114. 
Simon, C., Frati, F., Beckenbach, A., Crespi, B., Liu, H., Flook, P., 1994. Evolution, 
weighting, and phylogenetic utility of mitochondrial gene sequences and 
compilation of conversed polymerase chain reaction primers. Ent. Soc. Am. 87, 
651-701. 
Sperling, F.A.H., Anderson, G.S. , Hickey, D.A., 1994. A DNA-based approach to the 
identification of insect species used for postmortem interval estimation. J. 
Forensic Sci . 39, 418-427. 
Spratt, D.M., 1972a. Aspects of the life-history of Dirofilaria roemeri in naturally and 
experimentally infected kangaroos, wallaroos and wallabies. Int. J. Parasitol. 2 , 
139-156. 
Spratt, D.M., 1972b. Natural occurrence, histopathology and developmental stages 
of Diroji/a,ia roemeri in the intermediate host. Int. J. Parasitol. 2, 201-208. 
Spratt, D.M., 1974a. Distribution of third-stage Dirofilaria roemeri (Nematoda : 
Filarioidea) in the tissues of Tabanidae (Diptera ). Int. J. Parasitol. 4, 4 77-480. 
Spratt, D.M., 1974b. Comparative epidemiology of Dirojilaria roemeri infection in 2 
regions of Queensland. Int. J. Parasitol. 4, 481-488. 
Spratt, D.M., 1975. Further studies of Dirofilaria roemeri (Nematoda : Filarioidea) in 
naturally and experimentally infected Macropodidae. Int. J. Parasitol. 5, 561-
564. 
Stamatakis, A., Hoover, P., Rougemont, J., 2008. A rapid bootstrap algorithm for the 
RAxML web-servers. Syst. Biol. 75, 758-771. 
Tillyard, R.J., 1926. The Insects of Australia and New Zealand. Angus and Robertson, 
Sydney, Australia, pp. 359. 
Walker, F., 1850. lnsecta Saundersiana, or characters of described insects in the 
collection of WW Saunders. Dipt. 1, 1-76. 
Whiting, M.F., 2002. Mecoptera is paraphyletic: multip le genes and phylogeny of 
Mecoptera and Siphonaptera. Zoo!. Ser. 31, 93-104. 
Wiegmann, B.M. , Tsaur, S., Webb, D.W., Yeates, D.K., Cassel, B.K., 2000. Monophyly 
and relationships of the Tabanomorpha (Diptera: Brachycera ) based on 28S 
ribosomal gene sequences. Ann. Ent. Soc. Am. 93, 1031-1038. 
Wiegmann, B.M., Yeates, D.K., Thorne, J.L., Kishino, H., 2003. Time flies, a new 
molecular time-scale for Brachyceran fly evolution without a clock. Syst. Biol. 
52, 745-756. 
Wiegmann, B.M., Trautwein, M.D., Winkler, l.S., Barr, N.B., Kim, J.W. , Lambkin, C., 
Bertone, M.A. , Cassel , B.K., Bayless, K.M., Heimberg, A.M., Wheeler, B.M., 
Peterson, K.J ., Pape, T. , Sinclair, B.j., Skevington, J.H., Blagoderov, V., Caravas, J., 
Narayanan Kutty, S. , Schmidt-Ott, U. , Kampmeier, G.E., Thompson, F.C., 
Grimaldi, D.A., Beckenbach, A.T., Courtney, G.W., Friedrich, M., Meier, R. , 
Yeates, D.K., 2011 . Episodic radiations in the fly tree of life. PNAS 108,. 5690-
5695. 
Wilkerson, R.C., Coscar6n, S., 1984. A review of South American Scaptia 
(Pseudoscione) (Diptera : Tabanidae ). J. Med. Ent. 21 , 213-236. 
Yeates, D.K., 1991. Revision of the Australian bee fly genus Comptosia (Diptera : 
Bombyliidae ). lnvertebr. Taxon. 5, 1023-1178. 
Yeates, D.K., 2002. Relationships of extant lower Brachycera (Diptera): a 
quantitative synthesis of morphological characters. Zoo!. Ser. 31, 105-121. 
Zhang, J., 2012. New horseflies and water snipe-flies (Diptera: Tabanidae and 
Athericidae ) from the lower Cretaceous of China. Cret. Res. 36, 1-5. 
Table Sl: Primers used for PCR amplification and nucleotide sequencing in this study. 
Gene 
28S 
..... 
AATS 
Primer 
28K 
rc28F 
······················-··········· 
SCAATS53F 
Ml3rAlx244R 
Sequence 5 '➔ 3 ' 
GAA GAG CCG ACA TCG AAG 
············-·································································· ........................................... . 
GTG A TT TCT GCC CAG TGC TCT G 
······························· .......... ............................................................................................ ··············-··· 
GGC AA T TGG TCG TTT GGW G 
··········································································· ....... . 
CAG GAA ACA GCT ATG ACC ATN CCR 
CAR TCN ATR TGY TT 
Length 
(bp) 
Reference 
. J .. 8 . _Wiegmann et .al .. (2000) 
22 . _ Wiegmann unpublished 
19 This study 
38 Wiegmann unpublished 
...................... ··································· ····························································•······ ················· 
CAJ?.} ··········-·· ···gf\P} .. §f?......... .... _.Q.gT.A!\f .. ~TATg<::: .f .gT RAT TGG .. ?l This study 
........... ..... ·-· 405RTab qg~QI~ .. T9.Y.Ifr . .9.9.~T9~ ... M Y TG 23 Moulton & .. wiegmann(2004) .. 
Cf\P.} ············-·· ··CAp;3~§Yt......... .... .. ··-···QTA ... g!.\!.\ .. TQT.~ A!.\T.A.gT.T9..9. .. .9. .......... ···· -········ ··}2 This study 
CAD3 -SR 1 C.fT ACA C.TTTTC::: AIY .. .9!.\1.3:f.T".Y. ... c:::c:::... ····-···········}3 .This study. . .. 
CAD4 CAD4-SF1 
_9.C:::A CGW .QTT . .IQTA!\.9. .. A.:AY ATA GG .. .?.3 .... ·· - This study ............................... . 
CAD4-SR1 CCA T AA CGA CTT CAA A WG 18 This 
···········································-········································································-·············································································································································································-·································· COia TY-J-1460 (mtd4) TAC AAT TTA TCG CCT AAA CTT CAG 26 Sperling et al. (1994) 
cc 
··········-·················· ············•············· ······················-··············· ......................................... ·····································• ·······•··· .............. ·········-··············· .......... . 
··-···gI .-1:'!~??..?..?.. .. ................. _ .... A.gTQT1.\ .. M .T .. ATA ... T9.A . .I9.A9.f.T .. C.A .. ·-······ ?} ··-· Simon.et.af._ .. (1.994) 
COib Cl-J-2183 CAA CAT TTA TTT TGA TTT TTT GG 23 Simon et al. (1994) 
......................... -···(I.~~). . .......... ...... ··········-···· ... ...................................... ...................... ...... .................... ............... .................. . ..... . 
. ·· -···TL2-N-301.4 .. (Pat).· .. _· TCC .. AAT.GCA.CTA.ATC TGC .. CAT.ATT .. A 25 Simon .. et.al._(.1994) ..................... . 
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Afterword: Chapter Seven 
The molecular evidence presented in Chapter Seven demonstrated the utility of 
mitochondrial and molecular gene markers in reconstructing the phylogenetic 
relationships of the Scionini. The monophyly of the tribe was well-supported, including 
the monophyly of the genera Fidena, Pityocera and Scione, corresponding to traditional 
morphology-based classification schemes. The paraphyly of Scaptia indicated that the 
most widespread genus warranted taxonomic revision, including the reassessment of the 
subgenera and some erroneously synonymised genera. Furthermore, the molecular data 
also questioned the taxonomic placement of Caenopangonia and Goniops within the 
Scionini. 
Chapter Eight aims to correct the paraphyly of Scaptia by using morphological evidence 
to validate the taxonomic changes recommended by the molecular analysis presented in 
Chapter Seven. These suggested changes included raising of the subgenera of Scaptia to 
genus level and resurrecting several former genera that were erroneously synonymized. 
In addition, a novel genus was established to satisfy the distinct monophyly of the New 
Zealand clade that recovered as sister to Anzomyia Lessard, 2012. Morphology will also 
be used to redescribe all Scionini genera and will provide more robust taxonomic 
concepts for the genera, especially since many have previously suffered from inadequate 
original descriptions. Similarly, morphological evidence will also validate the removal of 
Caenopangonia and Goniops from the Scionini as proposed in Chapter Seven. A novel 
diagnostic key to the tribe will also be developed for the first time to accommodate all 
seventeen recognised genera of Scionini. 
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Abstract 
The hairy-eyed horse fly tribe Scionini comprises over 280 species and are austral in 
distribution, occun·ing in Australia, New Guinea, New Zealand and South America. Most 
adult females are blood-feeding and can transmit multiple diseases to humans and 
animals, although both sexes are important pollinators of many plants. The current 
taxonomy of the tribe is hindered by the limited availability of reliable diagnostic 
characters, as many genera are often weakly diagnosed by combinations of few 
morphological characters. Recently, the first quantitative phylogenetic hypothesis for the 
Scionini was provided using molecular data to demonstrate the well-supported 
monophyly for the tribe, although the widespread genus Scaptia recovered as wildly 
paraphyletic and formed a series of monophyletic clades corresponding to either 
subgenera or previously synonymised genera. This present study formally revises and 
validates the genera of the Scionini, focusing on the most widespread genus Scaptia. All 
genera are redescribed, illustrated and included for the first time in an updated diagnostic 
key to the genera of the tribe. The Scionini are now defined to include seventeen genera 
corresponding to previously standing genera (Anzo1nyia Lessard, 2012, Fidena Walker, 
1850, Pityocera Giglio-Tos, 1896, Scaptia Walker, 1850, and Scione Walker, 1850), 
newly revised genera (Lepmia Fairchild, 1969 stat.n., Myioscaptia Mackerras, 1955 
stat.n., Palim,necomyia Taylor, 1917 stat.n., Plinthina Walker, 1850 stat.n., 
Pseudomelpia Enderlein, 1922 stat.n. and Pseudoscione Lutz, 1918 stat.n.), newly 
resu1Tected genera (Apocampta Schiner, 1867 stat.n., Copidapha Enderlein, 1922 stat.n., 
Parosca Enderlein, 1922 stat.n., Osca Walker, 1850 stat.n., and Triclista Enderlein, 
1922 stat.n.) and a novel genus from New Zealand (Aotearo,nyia Lessard, gen.n.). The 
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two morphologically distinct genera Caenopangonia Krober, 1930 trans.n. and Goniops 
Aldrich, 1892 trans.n. have also been removed from the Scionini and reassigned to the 
more appropriate tribes Mycteromyiini and Goniopsini Lessard tribe.n., respectively. 
Keywords. Mackerras, Pangoniinae, phylogenetics, Scaptia, systematics. 
Introduction 
The Tabanidae, commonly referred to as horse, deer or march flies, are a cosmopolitan 
family of Diptera with over 4400 species currently described (Pape & Thompson 2012). 
Both males and females are vital pollinators of many plants, feeding on the nectar of 
Australian Eucalyptus, Grevillea and Melaleuca, in addition to Leptospermum in 
Australia and New Zealand, and Luma in South America (Johnson & Morita 2006; 
Lessard & Yeates 2012b; Mackerras 1957, 1960; Morita 2008; Till yard 1926). The family 
also exhibits sexually dimorphic feeding habits, as adult females are known blood-feeders 
and can mechanically transmit several disease-causing microbes in cattle, horses, 
macropods and even humans (Foil 1989; Foil et al. 1984, 1988; Krinsky 1976; Scoles et 
al. 2008; Spratt 1972a, 1972b, 1974a, 1974b, 1975; Reid et al. 2001). Therefore, the 
Tabanidae have considerable medical and ecological importance. 
The classification of the Tabanidae 
A recent surge of renewed taxonomy has expanded the knowledge of the Australasian 
Tabanidae (Lessard & Yeates 2011, 2012a, 2012b, 2013; Lessard et al. 2013; Mackerras 
et al. 2008). The monophyly of the Tabanidae is well-supported by both morphological 
(Mackerras 1954; Yeates 2002) and molecular evidence (Lessard et al. 2013; Morita 
2008; Wiegmann et al. 2000, 2011). Based on the innovative morphological work of 
Mackerras (1955), the Tabanidae are currently recognised as comprising four 
subfamilies, with further division into one or more tribes; Chrysopsinae (Bouvieromyiini, 
Chrysopsini and Rhinomyzini), Pangoniinae (Mycteromyiini, Goniopsini Lessard 
tribe.n., Pangoniini, Philolichini and Scionini), Scepsidinae, and Tabaninae (Diachlorini, 
Haematopotini and Tabanini). 
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The tribe Scionini, from the subfamily Pangoniinae, are formed of mostly stout, bearded 
and hairy-eyed flies. Previous to this study, the tribe was recognised to consist of seven 
genera, with some being further divided into subgenera, including Caenopangonia 
Krober, 1930 trans.n., Fidena Walker, 1850, Goniops Aldrich, 1892 trans.n., Pityocera 
Giglio-Tos, 1896, Scaptia Walker, 1850, Scione Walker, 1850 and the most recently 
described genus Anzomyia Lessard, 2012. With the exception of the monotypic N earctic 
genus Goniops (Brennan 1935; Mackerras 1955), the Scionini are predominantly austral 
in distribution, occurring in Australia, New Guinea, New Zealand and South America 
(Lessard & Yeates 2012a, 2012b; Mackerras 1955, 1960). Moreover, Goniops and 
Caenopangonia notably differ in morphology and are distinguished from the remainder 
of Scionini, as both genera presence bare eyes in both sexes and an extremely widened 
frons in females. 
The genus Scaptia is the most species-rich and widest spread of the Scionini, occurring 
in Australia, New Guinea, New Zealand and South America. The genus was traditionally 
divided into seven subgenera, including Lepmia Fairchild, 1969 stat.n. (found in Brazil), 
Pseudo,nelpia Enderlein, 1922 stat.n. (Chile), Myioscaptia Mackerras, 1955 stat.n. 
(Australia), Palimmecomyia Taylor, 1917 stat.n. (Australia), Plinthina Walker, 1850 
stat.n. (Australia), Scaptia Walker, 1850 (Australia, Chile, Peru, Bolivia, Argentina), and 
Pseudoscione Lutz, 1918 stat.n. (Australia, Argentina, Brazil, Chile, New Guinea and 
New Zealand). 
Challenges of traditional taxono,ny 
The taxonomy of the Scionini has been historically challenging given the difficulties 
associated with the morphological uniformity of most genera. As a result, genera are often 
weakly diagnosed by the combination of relatively few morphological characters that are 
not necessarily useful or informative when applied to other groups. These main diagnostic 
characters include the ratio of the frons ( calculated by dividing the length of the vertex to 
the top of the subcallus by the width of the 111idlength of the frons); the bulging or 
truncated form of the face; the length and width of the pal pi and form of the lateral sensory 
pit; the length and width of the proboscis; and the closure of the wing cells Rs and Af3 
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(Mackerras 1955, 1960). Genitalia are usually neglected in diagnoses for genera and 
species, as large structural differences in the genitalia do not correspond to differences in 
external morphology and therefore cannot often aid in species identification (Mackerras 
1955, 1960). 
Mackerras (1955, p. 455) further lamented "the situation is further complicated by the 
large number of species in the family, repeated evolution, paucity of structural characters, 
and the fact that segregates are quite distinct in one region but merge together in another, 
so that workers in different regions would naturally have different opinions about their 
validity". The taxonomy of the tribe is somewhat fragmented due to the historically 
disjointed efforts by previous workers, with conflicting taxonomic changes that are 
published in a myriad of languages such as English, German and Spanish. This is 
especially the case for the South American genera that have been considered to be in a 
"chaotic condition" (Fairchild 1956, p. 9). Moreover, many original descriptions for the 
genera of the Scionini are often inadequate or incomplete; Enderlein (1922) and Lutz et 
al. (1918) introduced several novel genera (Pseudomelpia and Pseudoscione, and the 
previously synonymised genera Copidapha Enderlein, 1922 stat.n., Parosca Enderlein, 
1922 stat.n., and Triclista Enderlein, 1922 stat.n.) in either a n1dimentary taxonomic key 
or mere checklist of species, without a formal taxonomic description and little systematic 
context. Many international workers have also broadly applied the genus Scaptia to the 
majority of Australian, New Zealand and South American species of Scionini. 
Consequently, many genera of the Scionini have been questionably synonymised in the 
past due to the poor understanding of their taxonomy and systematic relationships. For 
example, the genera Apocampta Schiner, 1867 stat.n. and Osca Walker, 1850 stat.n. 
were reduced to synonyms of Scaptia by Ferguson (1924, 1926), based on the few 
similarities of the parallel frons, long, narrow and sabre-like palpi, and short and thick 
proboscis. Similarly, Triclista was reduced to a synony1n of Scaptia by Ferguson (1926) 
who neglected the modest morphological differences of the larger size and closure of the 
wing cells Rs and M3. Finally, the well-dispersed genera Parosca (from South America) 
and Copidapha (Australia) were also reduced to synonomies of the subgenus Scaptia 
(Pseudoscione) by Ferguson (1926) and Mackerras (1955), based on the few similarities 
of the diverging frons, long and slender proboscis, and short and thick pal pi. 
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Previous molecular studies on the Scionini 
Despite these historical challenges, the recent study of Lessard et al. (2013) demonstrated 
the utility of molecular data to successfully reconstruct the evolutionary relationships of 
the Scionini (solid branches in Figure 1 ). All clades in this previous phylogenetic analysis 
included the type species of the majority of the genera, subgenera and previously 
synonomysed genera of the Scionini, with the exception of some taxa (Anzomyia, Fidena, 
Lepmia, Pityocera, Pseudoscione and Scione). Using several mitochondrial (COI and 
COII), ribosomal (28S) and nuclear (AATS and CAD regions 1, 3 and 4) gene markers, 
Lessard et al. (2013) provided the first robust molecular phylogenetic hypothesis for the 
Scionini and demonstrated the well-supported monophyly of the tribe (Bayesian 
inference posterior probability [PP] = 100, maximum likelihood bootstrap support [BS] 
= 99; Lessard et al. 2013), including the well-supported monophyly for the South 
American genera Fidena (PP= 100, BS= 99), Pityocera (PP= 100, BS= 100) and Scione 
(PP= 99, BS = 100). Conversely, the widespread genus Scaptia recovered as radically 
parapyletic, indicating that major taxonomic revision was warranted for the genus which 
formed several well-supported monophyletic clades corresponding to: several subgenera 
of Scaptia, including Lepmia (PP = 97, BS = 94), Myioscaptia (PP = 100, BS = 100), 
Plinthina (PP = 100, BS = 99), and Pseudoscione (PP = 100, BS = 97); a novel genus 
Aotearomyia Lessard, gen.n. (PP= 100, BS= 100) from New Zealand ( described herein), 
and; several genera which were previously synonomysed, including Apocampta (PP = 
100, BS= 98), Copidapha (PP= 89, BS= 79), Parosca (PP= 100, BS= 100), Osca (PP 
= 100, BS = 100) and Triclista (PP = 100, BS = 100). Moreover, the distinct molecular 
monophyly identified these latter taxa as valid genera of the Scionini which were 
erroneously reduced to synonyms of the genus Scaptia. Interestingly, the bare-eyed 
Nearctic genus Goniops was firmly separated from the Scionini (PP= 100, BS= 99), and 
recovered as sister to either the Scionini or Philolichini depending on the phylogenetic 
method of inference (Lessard et al. 2013). Therefore, the taxonomic placement of 
Goniops remains uncertain. 
The repo1ied paraphyly within Scaptia and incorrect synonomy of several genera of the 
Scionini is unsurprising given the limited use of morphological characters by previous 
workers. This study formally revises and validates the genera of the Scionini under 
extensive morphological examination, with a pa1iicular focus placed on the well-
dispersed genus Scaptia. All genera have been redescribed, illustrated, and provided with 
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Figure 1: Phylogenetic relationships of the austral horse fly tribe Scionini inferred from molecular data 
(Lessard et al. 2013 ; solid branches) and qualitative morphology (dashed branches) . 
information regarding the number of described species (presented in Species List) , 
distribution, feeding habits, and larval stages if known. Morphological characters were 
also used to qualitatively infer the phylogenetic position of the genera Palimmecomyia 
and Pseudomelpia (Figure 1 ), which are absent in the current molecular-based 
phylogenetic hypothesis for the tribe. The distinct genera Caenopangonia Krober, 1930 
trans.n. and Goniops Aldrich, 1892 trans.n. have since been removed from the Scionini 
and are reassigned to the tribes Mycteromyiini and Goniopsini Lessard, tribe.n. , 
respectively, with the latter described herein. The classification scheme for Pangoniinae 
is updated for the first time since Mackerras (1955) revision of the subfamily and a novel 
diagnostic key for the Scionini is also provided to include all recognised genera of the 
tribe. The tribe Scionini is hereby defined to include seventeen genera, corresponding to 
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previously standing genera (Anzomyia Lessard, 2012, Fidena Walker, 1850, Pityocera 
Giglio-Tos, 1896, Scaptia Walker, 1850 sensu stricto, and Scione Walker, 1850), newly 
revised genera (Lepmia Fairchild, 1969 stat.n., Myioscaptia Mackerras, 19 5 5 stat.n., 
Palimmecomyia Taylor, 1917 stat.n., Plinthina Walker, 1850 stat.n., Pseudomelpia 
Enderlein, 1922 stat.n. and Pseudoscione Lutz, 1918 stat.n.), newly resurrected genera 
(Apoca,npta Schiner, 1867 stat.n., Copidapha Enderlein, 1922 stat.n., Parosca 
Enderlein, 1922 stat.n., Osca Walker, 1850 stat.n., and Triclista Enderlein, 1922 stat.n.), 
and a novel genus from New Zealand (Aotearomyia Lessard, gen.n.). 
Materials and methods 
Morphological terminology follows Mackerras et al. (2008). Specimens were examined 
using Zeiss dissecting microscopes. Photographs were acquired on a BK Plus Lab System 
featuring aP-51 Cam lift, Infinity Optics K2 Long Distance Microscope, and Helicon 
Focus software. Female type species were imaged for all genera, excluding 
Caenopangonia in which the type species was unavailable for imaging and is 
supplemented by the closely related species Caenopangonia brevirostris (Philippi, 1865). 
Asterisks and daggers denote specimens physically examined by the author and the type 
species of each genus, respectively. Novel type material is deposited at the Australian 
National Insect Collection (ANIC), Canberra, Australia. 
All examined material was sourced from the following institutions: 
AM 
ANIC 
BYU 
ERM-LUNZ 
GDCD 
MNZ 
NCSU 
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Australian Museum, Sydney, NSW, Australia 
Australian National Insect Collection at CSIRO Ecosystem Sciences, 
Canberra, ACT, Australia 
Brigham Young University, Utah, USA 
Entomology Research Museum, Lincoln University, Canterbury, New 
Zealand 
Greg Daniels Private Collection, Brisbane, Qld, Australia (now 
integrated into AM and QM) 
Museum of New Zealand 'fe Papa Tongarewa, Wellington, New 
Zealand 
North Carolina State University, Raleigh, North Carolina, USA 
NMH 
QDPI 
QM 
UQIC 
USP 
SAM 
SI 
WAM 
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The Natural History Museum, London, United Kingdom 
Queensland Department of Primary Industries, Indooroopilly, Qld, 
Australia 
Queensland Museum, Brisbane, Qld, Australia 
University of Queensland Insect Collection, Brisbane, Qld, Australia 
University of Sao Paulo, Ribeirao Preto, Brazil 
South Australian Museum, Adelaide, SA, Australia 
Smithsonian Institute, Suitland, Maryland, USA 
Western Australian Museum, Perth, WA, Australia 
Subfamily PANGONIINAE Loew, 1860 
Morphological diagnosis. Mostly stoutly built flies with relatively long and slender legs, 
with short to remarkably long proboscis, either rotund to rather parallel sided, elongated 
or narrowed bodied. Frons usually diverging but often parallel, and without a prominent 
callus. 
Mackerras (1955, p. 456) adequately described the subfamily as: "ninth tergite an 
undivided chitonous shield in males; almost always a single transverse bar in females. 
Ocelli well-developed ( except in African genera). Antennae short, little if at all longer 
than the antero-posterior diameter of the head; scape and pedicel short; flagellum usually 
subulate, sometimes with basal annuli swollen, usually 6-8 annulate. Hind tibiae with 
paired apical spurs ( sometimes minute, occasionally not detectable). Vein sc bare above 
and below. Style of male hypopygium single or bifid, finger-like or pointed. Caudal ends 
of spermathecal ducts of female without mushroom-like expansions". 
A revised key to tribes of the Pangoniinae subfamily 
1. Eyes nearly always hairy; ocelli present. Wing vein R4 with a variable appendix, 
usually absent (Figures 2-18). Australasian and 
N eotropical. ....................................... .. ........................................ Scionini Enderlein, 1922 
Eyes usually bare; ocelli present or absent. Wing vein R4 nearly always with a 
strong appendix. Asian, Ethiopian, Palaeartic, N earctic, N eotropical, 
Australasian ................ ... ....................... ...... .. ........ ... .... ... ............................. ..................... 2 
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2. Ocelli absent ( excluding Buplex Austen, 1920). Gonopophyses of female widely 
separated, and the distal edge of the eighth stemite strongly chitinised. Asian, northern 
Australasian, Ethiopian ......................................................... Philolichini Mackerras, 19 54 
Ocelli present. Gonopophyses of female not widely separated. Palaeartic, 
N earctic, N eotropical, Australasian .................................................................................. 3 
3. Style of male hypopygium always finger-like. Frons always exceedingly wide 
(frons index 1 ). Face extremely truncated. Proboscis conspicuously short and less than 
the head length (Figure 19). Nearctic ..................................... Goniopsini Lessard, tribe.n. 
Style of male hypopygium always bifid. Frons either wide or narrowed. Face 
moderately truncate or conically produced. Proboscis usually long and exceeding the 
head length, occasionally equal to length of head. Palaeartic, Nearctic, Neotropical, 
Australasian ...................................................................................................................... 4 
4. Antennal flagellum often with basal flagellomeres swollen or fused. Frons almost 
always narrow (index never approaching 1, excluding Therevopangonia Mackerras, 
1955), rarely covered in dense hairs, usually with a distinct subcallus. Face truncate to 
moderately bulging. Palaeartic, Nearctic, Neotropical, 
Australasian ................................................................................. Pangoniini (Loew, 1860) 
Antennal flagellum with 8 distinct and unswollen flagellomeres. Frons wide 
(index approaching 1 ), covered in dense hairs, subcallus indistinct. Face usually conical 
to snout-like (Figure 20). Neotropical. ................. Mycteromyiini Coscar6n & Philip, 1979 
Distribution. The subfamily has a near global radiation, occun·ing in Australasia, Asia, 
Africa, Europe, and North, Central and South America (Macken·as 1955). 
Tribe SCIONINI Enderlein, 1922 
Morphological diagnosis. The Scionini are small to large (length 6-24 mm), stoutly built 
and hairy flies with well-defined ocelli, and hairy eyes that are always holoptic in males. 
Face either truncate, bulging or projecting to conical, with or without an obvious shine. 
Frons usually narrow, occasionally wide, parallel or strongly diverging, usually without 
a prominent callus. Antennae flagellum with eight distinct flagellomeres, occasionally 
with distinct projections or fusion of the basal flagellomeres. Palpi sexually dimorphic, 
ranging from either small, rounded and flat, to large, slender and tapering or knife-like, 
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usually with a distinct lateral bare area, concavity or apical pit. Proboscis ranging from 
either short, less than the height of the head, and thick with well-developed labella, or 
long, greater than one and a quarter times to over twice the head length, with small, 
slender labella. Scutum with or without conspicuous vittae. Abdomen either small rotund 
to large or narrow parallel sided, with or without distinct markings or lateral fringes of 
hair. Wings either clear, smoky, spotted or strongly marbled; cell Rs open, narrowed or 
closed petiolate; cell M3 usually open, although often narrowed or closed in some genera; 
vein R4 curved or angulate, with or without a short appendix. Hind tibial spurs always 
present, slender and moderate in length. Mackerras ( 19 5 5, p. 4 82) described the genitalia 
as having the "style of male hypopygium single, usually finger-like, sometimes pointed 
[ and hooked: Mackerras 1960). Anterior gonopophyses of female rounded or conical, 
approximated to one another, and only moderately chitonised". 
Key to females of the genera and subgenera of the tribe Scionini 
1. Face strongly bulging, projecting or conical; wings conspicuously smoky brown 
or grey (Figures l 3-18) .................... ............................... ... .. ................................ .............. 2 
Face truncate to moderately bulging; wings either clear, radially stained or with 
markings on crossveins (Figures 2-12) ........ ........... ........ .......... ................... .. ... ............... 12 
2. Palpi long, equal to length of antennal flagellum, knife-like, extremely slender, 
tapered and flat; face shining; proboscis exceeding length of the head and thorax 
combined (Figures 17 & 18) ............ .. .. ... .. .... ..... ..... .. ..... ..... .. ...... .... .... .... .... ... .... .. ....... ...... . 3 
Pal pi short, less than the length of the flagellum, broad or triangular; face without 
shine; proboscis one and a quarter time the length of the head, never exceeding length of 
thorax (Figures 13-16) ..... .... ... .. .. ............ .. .... ...... ... ............ ....... .. ...... ... .... ..... .... ................. 9 
3. Antennal flagellum cylindrical, without projections or conspicuous tufts of hair; 
wing cell Rs open or narrowed only, vein M1 without inflexion (Figure 
17) ..................................................................................... ... .. ..... .. .. ............... ...... ....... ...... 4 
Antennal flagellum with projections or tufts of conspicuous hairs ; wing cell R s 
closed with obvious petiole, vein M1 with inflexion (Figure 
18) ................................................. ................................. ............ ............ ............ ... .... ... ..... 7 
4. Face covered in many conspicuous long hairs; scutum with obvious vittae; wings 
with cell R s broadly open. Brazil. ................................. Fidena (Neopangonia) Lutz, 1909 
Face without conspicuously long hairs; scutum without obvious vittae; wings with 
cell Rs usually closed ... ............... .................................................................... .... .... ......... .. 5 
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5. Femora and tibiae covered in long, dense conspicuous hairs. Bolivia, Brazil and 
Peru ................................................................................ Fidena (Laphriomyia) Lutz, 1911 
Femora and tibiae hairs short and sparse, without such long hairs ....................... 6 
6. Frons with a basal callus-like protuberance; palpi relatively thick and swollen with 
a deep lateral concavity; wings with cell Rs long petiolate. 
Argentina ..................................................................... Fidena (Leptofidena) Krober, 1930 
Frons without protuberance; palpi flat and tapered, with a flat, broad lateral bare 
area; wings with cell Rs without a long petiole. Argentina, Brazil, Bolivia, Chile, 
Colombia, Costa Rica, Ecuador, Mexico, Panama, Paraguay, Peru, Suriname, Uruguay, 
and Venezuela ........................ ............................................. Fidena (Fidena) Walker, 1850 
7. Antennal flagellum without structural projections, first flagellomere with an 
enlarged and conspicuous dense tuft of hair. Bolivia, Brazil and 
Ecuador. ............................................................. Pityocera (Pseudelaphella) Krober, 1930 
Antennal flagellum with obvious structural projections ........................................ 8 
8. Flagellomeres with long projections on both dorsal and ventral surfaces, 
decreasing 1n size towards the tip. Panama and 
Ecuador. ............................................................... Pityocera (Pityocera) Giglio-Tos, 1896 
Flagellomeres with long projections on the dorsal surface only. Brazil, French 
Guiana, Peru and Suriname ........................................... Pityocera (Elaphella) Bezzi, 1913 
9. Scutum with strong vittae, almost always exceeding transverse suture; frons wide; 
wing cells Rs and M3 closed (Figure 16). Argentina, Brazil, Bolivia, Colombia, Ecuador, 
Guatemala, Mexico, Panama, Peru and 
Venezuela ........................................................................................... Scione Walker, 1850 
Scutum with at least indications of vittae, subtle, occasionally exceeding 
transverse suture; frons narrow; wing cells Rs usually open and M3 always open (Figures 
13-15) .............................................................................................................................. 10 
10. Frons parallel; proboscis thick; palpi broad, flat and slightly rounded at tip, not 
obviously tapering; legs stout, short and thick; thorax usually densely covered with hairs 
(Figure 13). Brazil and Chile ............................................... Lepmia Fairchild, 1969 stat.n. 
Frons strongly diverging; proboscis slender; palpi distinctly tapering at tip; legs 
relatively long and slender; thorax rarely covered with dense hairs (Figures 14 & 
15) ................................................................................................................................... 11 
11. Palpi slender and thick, with obvious deep excavated lateral bare area; labella not 
obviously wider than the proboscis shaft (Figure 15). Argentina, Brazil, and 
Chile ................................................................................. Pseudoscione Lutz, 1918 stat.n. 
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Palpi broad, triangular and obviously flattened, without distinct lateral bare area; 
labella only slightly wider than the proboscis shaft (Figure 14). 
Chile ................................................................................. Parosca Enderlein, 1922 stat.n. 
12. Proboscis short, less than or equal to head length, thick, labella large and obvious; 
palpi long, equal to or greater than half the length of the proboscis shaft (Figures 2-4, 9-
12) ................................................................................................................................... 13 
Proboscis long, exceeding the length of the head, slender, labella small and subtle; 
palpi small, less than half the length of the proboscis shaft (Figures 5-
8) ..................................................................................................................................... 19 
13. Frons strongly diverging ventrally near subcallus (Figures 2-4) ........................ . 14 
Frons more parallel, never strongly diverging near subcallus (Figures 9-
12) ................................................ ................................................. ... ............ ............ ....... 16 
14. Antenna! flagellomeres indistinct, superficially appearing as five with fusion of 
the basal four flagellomeres; palpi swollen and club-like, with a rather vague lateral bare 
area (Figure 4 ). Chile ............................................... Pseudomelpia Enderlein, 1922 stat.n. 
Antenna! flagellum with eight distinct flagellomeres; palpi not as above; Australia 
or New Zealand (Figures 2 & 3) ...................................................................................... 15 
15. Palpi subcylindrical, with reduced apical pits (Figure 2). Australia and New 
Zealand ................................................ ........................ ............. __ .... Anzomyia Lessard, 2012 
Palpi slender and tapered to broad and flat, with distinct lateral bare areas, often 
rotated dorsally (Figure 3). New Zealand .............................. Aotearomyia Lessard, gen.n. 
16. Abdomen oblong to slightly rectangular, dorso-ventraly compressed; wings 
usually darkened on at least the radial margin, sometimes evanescent (Figures 9 & 
10) ............................................................................................ ....................................... 17 
Abdomen stout and rounded, sometimes narrowed posteriorly; wings either clear, 
lightly uniform grey to brown or spotted, rarely stained radially (Figures 11 & 
12) ................................................................................................................................... 18 
17. Wings obviously stained radially with black; stigma prominent; cell Rs open; 
abdomen without prominent lateral fringes of hair h1fts (Figure 9). 
Australia ......................................................................... Apocampta Schiner, 1867 stat.n. 
Wings greyish, without distinct markings; stigma inconspicuous; cell Rs open, 
narrowed or closed; abdomen with prominent lateral fringes of hair tufts (Figure 10). 
Argentina, Bolivia, Chile and Peru ............................................ Osca Walker, 1850 stat.n. 
18. Large species (length 16-24 mm); cell Rs closed, sometimes petiolate; cell Af3 
narrowed or closed (Figure 11 ). Australia ....................... Triclista Enderlein, 1922 stat.n. 
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Small to moderately-sized species (length 10-15 mm); cell Rs widely open or 
narrowed, rarely closed; cell M3 open (Figure 12). 
Australia ........................................................................................... Scaptia Walker, 1850 
19. Frons almost completely parallel and flat; proboscis relatively short, less than one 
and a quarter times the head length; palpi flat and rounded, with an extremely shallow 
almost flat lateral concavity; stigma prominent (Figures 7 & 
8) ..................................................................................................................................... 20 
Frons distinctly diverging and raised at centre; proboscis long, equal to or greater 
than one and a half times the head length; palpi thick and tapered, with deep lateral 
concavity; stigma inconspicuous (Figures 5 & 6) ............................................................ 21 
20. Small (length 8-11 mm) rotund species, blowfly-like in appearance; pal pi flat and 
leaf-like, with moderately-sized bare area; usually metallic or semi-metallic in luster, 
sometimes shining; scutum and abdomen without distinct patterns; wings clear and 
without marbling (Figure 7). Australia ..................... Myioscaptia Mackerras, 1955 stat.n. 
Medium-sized (length 9-14 mm) robust species; palpi usually thick and flattened 
with a large bare area; usually brownish-grey, nonmetallic and without shine; scutum and 
abdomen usually with prominent vittae or colour patterns; wings with distinct marbling 
at the center of cells (Figure 8). Australia ............................ Plinthina Walker, 1850 stat.n. 
21. Abdomen elongated, narrow parallel-sided, wasp-like species; frons wide, often 
with a distinct callus-like protuberance; face shining; antennal pedicel relatively long, 
approximately three times the length of the scape; wings yellowish-brown, with a darker 
brown distal staining towards tip (Figure 6). 
Australia .................................................................... Palin1mecomyia Taylor, 1917 stat.n. 
Abdomen stout and ovular; frons narrow, only slightly raised at centre; face 
without shine; antennal pedicel short, approximately double the length of the scape; wings 
usually with one or more darker clouds on cross veins, sometimes less obvious (Figure 
5). Australia .................................................................. Copidapha Enderlein, 1922 stat.n. 
Genus ANZOMYIA Lessard, 2012 
(Figure 2) 
Anzomy ia Lessard in Lessard & Yeates 2012a, p. 104: Type species Scaptia (Pseudoscione) anomala 
(Mackenas, 1960), Australia, by designation of Lessard & Yeates 2012a. 
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(A) \I 1.0mm (B) 1.0 mm 
(C) (D) 1.0 mm 
1.0 mm 
Figure 2: Anzomyia Lessard, 2012, female of type species Scaptia (Pseudoscione) anomala Mackerras, 
1960: (a) dorsum; (b) side; ( c) frons; ( d) profile (ANIC). 
Type species. Scaptia (Pseudoscione) anomala, Mackerras, 1960 (Figure 2), Australia, 
by original designation of Lessard & Yeates (2012a, p. 104 ). 
J\'lorphological diagnosis. Small (length 6-10 mm), hairy and rather concolorous dark 
species (Figure 2), with a diverging frons, proboscis usually short and thick, and 
subcylindrical palpi. Distinguished from Aotearomyia Lessard, gen.n. by the smaller size 
and slender cylindrical palpi with reduced apical pits. 
Female. Small (length 6-10 mm), dark and hairy species. Eyes hairy. Frons relatively 
narrow, strongly diverging (index 2.2 to 2.5), occasionally slightly raised at centre, with 
distinct subcallus. Face truncate to moderately bulging, or relatively projecting, without 
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shine. Antennae scape and pedicel small, flagellum mostly cylindrical, tapering at tip with 
eight distinct flagellomeres without projections. Palpi long, equal to length of flagellum, 
usually half the length of the proboscis shaft, very slender, subcylindrical and fusiform, 
with small apical pits reduced to flat ovals. Proboscis short, usually less than the length 
of the head, thick, with well-developed labella wider than the proboscis shaft. Scutum 
with at least indications of vittae, sometimes exceeding the transverse suture. Abdomen 
short and rotund to narrowed at tip, with indications of medial vittae. Wings usually 
brown or greyish, never marbled or spotted; stigma brown and inconspicuous; cell Rs 
widely open; cell Af3 always open; R4 angulate to slightly curved, without appendix 
(Lessard & Yeates 2012a). Genitalia originally described by Mackerras (1960, p. 120) as 
"small, with rounded gonophophyses, unchitonised 10th tergite, truncate cerci, lateral 
arms of the furca rather large, and caudal ends of the spermathecal ducts long, lightly 
chitonised". 
Male. Similar to the female but hairier and somewhat darker. Eyes holoptic, with upper 
facets not obviously enlarged. Palpi shorter and more cylindrical than females (Lessard 
& Yeates 2012a). Mackerras (1960) stated that the genitalia are similar to the former 
subgenus Scaptia (Pseudoscione) without major structural modifications, with the style 
of the hypopygium finger-like and rounded at tip. 
Species included. A valid key to all four known species (Species List) was provided by 
Lessard & Yeates (2012a). 
Distribution. Australia and New Zealand. Occurring in high altitude mountainous 
regions of the Great Dividing Range in southeast Australia, ranging from New South 
Wales and the Australian Capital Territory to Victoria, in addition to the Southwest 
Alpine Fault in the South Island of New Zealand (Lessard & Yeates 2012a; Lessard et al. 
2013; Mackerras 1960). 
Biology. There is currently no information regarding the biology, feeding habits or larval 
stages for the genus. 
Remarks. Anzomyia is accepted as a valid genus of the Scionini based on the distinct 
morphology and firm genetic divergence of the genus to all other Scionini (Figure 1 ). 
Moreover, Anzomyia and Aotearomyia Lessard, gen.n. are early offshoots of the Scionini 
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lineage based on the strong sister position to the remaining genera (Figure 1 ). The distinct 
phylogenetic position of the genus confinns Lessard and Yeates' (2012a) decision to 
establish Anzomyia as a unique genus of Scionini, rather than a subgenus of Scaptia. 
Although unnamed at the time, Mackerras hypothesised that Anzomyia, based on the 
intermediate anatomical form, may represent a unique derivation of the ancient Scionini 
lineage (Mackerras 1955), and was most likely the earliest form adapted to nectar feeding 
of early flowering plants (Mackerras 1960). The type species and the New Zealand 
species An. herculensis Lessard, 2012 are desired for future molecular and biogeographic 
studies. 
Genus AOTEAROMYIA Lessard, gen.n. 
(Figure 3) 
Type species. Pangonia adrel Walker, 1850 (Figure 3), New Zealand, by present 
designation (ANIC). 
Morphological diagnosis. Stoutly built and hairy flies (Figure 3 ), with a narrow and 
almost parallel frons that diverges only at the ventral margin, distinguished from 
Anzomyia by the large, slender and tapered palpi with a conspicuous lateral bare area that 
is often dorsally rotated. 
Female. Length 8-12 mm. Eyes hairy. Frons extremely narrow (index usually 2.0 to 5.6), 
almost parallel, becoming moderately diverging at the basal quarter of frons, occasionally 
raised at centre. Face truncate to bulging, without shine. Antennal scape and pedicel 
relatively small, with the scape only slightly wider than the flagellum with eight distinct 
flagellomeres without projections. Palpi usually pointed and long, equal to the length of 
the flagellum and half the length of the proboscis shaft, occasionally broad and short, less 
than the length of flagellum, with a well-defined bare lateral area or concavity, often 
rotated dorsally. Proboscis short, usually equal to or less than the head length, thick, with 
large well-developed labella, wider than the proboscis shaft. Scutum with relatively 
prominent vittae, sometimes exceeding transverse suture. Abdomen broad and ovular, 
with medial tufts of hair. Wing suffused with brown along veins; stigma inconspicuous; 
cell Rs open, narrowed or closed; cell M3 open; vein M1 without inflexion; R4 curved or 
angulate, with or without a short appendix (Krober 1931; Mackerras 1955, 1957, 1960). 
Mackerras (1957, p. 586) described the genitalia as having the "ninth tergite an undivided, 
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(A) J 1.0mm (B) 1.0 m1n 
(C) 
1.0mm 
(D) 
1.0 1run 
Figure 3: Aotearomyia Lessard, gen.n. , female of type species Pangonia adrel Walker, 1850: (a) 
dorsum; (b) side; (c) frons; (d) profile (ANIC). 
transverse bar; cerci obliquely truncate apically; caudal ends of spermathecal ducts lightly 
chitinised, without mushroom-like expansion". 
Male. Length 8-14 mm. Darker and hairier than females. Eyes holoptic, with only slightly 
enlarged upper facets. Palpi short, slender and tapered, more pointed than females, 
occasionally rod-like, with a conspicuous lateral bare area (Mackerras 1955, 1957, 1960). 
Mackerras (1957, p. 586) described the genitalia as having the "ninth tergite large, 
undivided, forming a prominent shield over the other parts; aedeagus and coxites smooth; 
style simple, finger-like, rounded at tip". 
Species included. A valid key to all six known species (Species List) was provided by 
Mackerras ( 19 5 7). 
Etymology. The name is derived from Aotearoa, the Maori name for New Zealand, 
combined with the Greek myia, meaning fly. 
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Distribution. New Zealand. Extensively dispersed along the alpine fault region of both 
the North and South Islands, ranging from the Northland to Southland regions (Lessard 
et al. 2013; Mackerras 1957). 
Biology. Several species are known to feed abundantly on the flowers of Leptospermum, 
including Aotearomyia adrel (Walker, 1850), Aotearomyia lerda (Walker, 1850), and 
Aotearomyia milleri (Mackerras, 1957) (Lessard & Yeates 2012b; Mackerras 1957, 1960; 
Tillyard 1926). Blood-feeding is rarely witnessed, although Ao. adrel has been recorded 
to disturb cattle stocks (Mackerras 1957). Some species are quite social and often exhibit 
a form of dance where two individuals join their legs in flight and begin to spin rapidly 
in a tight circle (personal observation; Mackerras 1957). It is unknown whether this is an 
act of courtship between the males and females, or an exhibition of sexual competition 
among males vying for the attention of the female. 
Larval habits are unknown for the genus, although one Ao. adrel male was bred from a 
larva and the pupal skin is preserved in the ANIC (Mackerras 1957, fig. 2A, p. 586). 
Mackerras (1957, p. 590-591) described the pupal aster as "remarkable, in that all six 
lobes are clearly represented, although the dorsal and ventral pairs are greatly reduced". 
He further hypothesised that it is the "most primitive" form of the limited Scionini larvae 
recorded, as those of Copidapha, Myioscaptia and Scaptia all possess "bilobed asters with 
the dorsal and ventral lobes reduced to low, unarmed swellings and the lateral lobes 
usually larger than in [Ao.] adrel". 
Remarks. Aotearomyia Lessard gen.n. is hereby accepted as a valid genus of the 
Scionini, based on the distinct morphology, well-supported monophyly and firm genetic 
separation of the genus to all other Scionini (Figure 1 ). Moreover, Aotearomyia Lessard 
gen.n. is defined to include the New Zealand species Ao. adrel, Aotearomyia brevipalpis 
(Krober, 1931 ), Ao. lerda, Aotearomyia montana (Hutton, 1901 ), Aotearomyia milleri 
and Aotearomyia ricardoae (Hutton, 1892), which have been transferred from their 
previous position within the former subgenus Scaptia (Pseudoscione ), based on the 
shared morphology of the narrow and almost parallel frons and large, slender and tapered 
palpi. Mackerras (1957, p. 595) alluded to the monophyly of the New Zealand species 
stating "the whole group had a common ancestry, which had diverged somewhat from 
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the direct ancestry of the Australian species on the one side and the South American 
species on the other". 
Genus PSEUDOMELPIA Enderlein, 1922 stat.n. 
(Figure 4) 
Pseudomelpia Enderlein, 1922, p. 343. Originally listed as 1nonotypic for Pseudomelpia horrens Enderlein, 
1925, Chile, in Enderlein's (1922, p. 343) taxonomic key to the tribe Silviini and officially described 
sometime later by Krober (1930b, p. 13 8). Fairchild (1966a, p. 3 ). 
Scaptia Walker, 1850, subgenus Pseudomelpia (Enderlein, 1922). First recognised as a subgenus of Scaptia 
by Macke1Tas (1955, p. 495 , 1960, p. 4). Fairchild (1969, p. 203); Fairchild & Burger (1994, p. 38); 
Coscar6n & Gonzalez (2001, p. 31); Coscar6n & Papavero (1993, pp. 18, 62, 2009, pp. 9, 56). 
Type species. Pseudomelpia horrens Enderlein, 1925 (Figure 4), Chile, by original 
designation of Enderlein (1922, p. 343). 
Morphological diagnosis. A small (length 7-9 mm), dark and hairy, monotypic genus 
(Figure 4 ), most similar to Anzomyia, but distinguished by the extremely short and thick 
proboscis, basal four antennal flagellomeres appearing as fused, and with short swollen 
club-like palpi. 
Female. Length 7-9 mm. Eyes hairy. Head spherical and densely hairy. Eyes densely 
covered in long hairs. Frons relatively wide (index usually 2.0) and diverging, flat at 
centre. Face truncate and bulging, with only slight depression at the sides, without shine. 
Antennal scape somewhat swollen, pedicel normal, slightly thicker than the width of the 
flagellum, with eight indistinct flagellomeres, the basal four appearing as fused, making 
the flagellum superficially seem as being five segmented, without projections. Palpi long, 
equal to the length of flagellum and as long as the shaft of the proboscis, relatively 
flattened, blunt and significantly rounded at tip, somewhat swollen at base, appearing 
ahnost club-like, with a vague apical bare concavity. Proboscis extremely short, usually 
less than the head length, relatively thick and chitonised, with large and well-developed 
labella, wider than the proboscis shaft. Scutum with well-defined vittae exceeding the 
transverse suture. Abdomen short and rounded, with irregular black markings. · Wings 
cloudy near cross veins; stigma inconspicuous; cell Rs open; cell M3 open; vein M1 
without inflexion; R4 angulate, without appendix (Coscar6n & Papavero 2009; Coscar6n 
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Figure 4: Pseudomelpia Enderlein, 1922 stat.n., female of type species Pseudomelpia horrens 
Enderlein, 1925: (a) dorsum; (b) side; (c) frons; (d) profile (NMH). 
& Gonzalez 2001; Krober 1930b; Mackerras 1955). Mackerras (1955, p. 495) described 
the genitalia as having the "eighth stemite of unusual shape, with very small, weak 
gonopophyses; genital fork large and conspicuous; 9th tergite strong, 10th weak; cerci 
apically rounded, only slightly flattened apically". 
Male. Length 8-9 mm. Eyes holoptic, with upper facets enlarged. Palpi short, 
subcylindrical, slender and tapered, with long hairs and a reduced apical pit (Coscar6n & 
Gonzalez 2001; Mackerras 1955). Antennae as in female. Mackerras (1955, p. 496) 
described the genitalia as having the "style of hypopygium rounded; aedeagus strongly 
chitinised, and of rather unusual form". 
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Species included. The genus is represented by the type species only (Species List). 
Distribution. South America. Southern Chile, ranging from the Talca to Aisen Provinces 
( Coscar6n & Gonzalez 2001). 
Systematics. Although absent in the current molecular phylogenetic hypothesis for the 
tribe, Pseudomelpia is expected to be closely related to Anzomyia (Figure 1 ), based on 
the shared morphology of the short fleshy proboscis and large hairy antennal scape 
(Macken·as 1960; Lessard & Yeates 2012a). 
Biology. According to Coscar6n and Gonzalez (2001), both sexes are entirely nectar 
feeding and do not exhibit any blood-feeding behaviours. Larval stages are unknown for 
the genus. 
Remarks. Pseudomelpia is hereby reinstated as a valid genus of the Scionini, based on 
the distinct 1norphology of the genus described above. Mackerras (1955, 1960) 
hypothesised that Pseudomelpia, along with the specimens that would eventually be 
described as Anzomyia, may represent an ancient derivation of the Scionini lineage that 
became early adapted to flower feeding. The genus is desired for future molecular 
analysis. 
Genus COPIDAPHA Enderlein, 1922 stat.n. 
(Figure 5) 
Clan is Walker, 1850, p. 9, misapplied name of Hubner (1816; Lepidoptera). Type species Pangonia 
contigua Walker, 1848 (= Pangonia lasiophthalma Macquart, 1834), Australia, by designation of 
Coquillett (1910 , p. 524). 
Copidapha Enderlein, 1922, p. 337, 1925, p. 270. O1iginally listed as monotypic for Copidapha bifasciata 
Enderlein, 1925 (= Pangonia roei Macleay, 1826), Australia, in Enderlein's (1922, p. 337) key to the 
former subfamily Melpiinae and officially described sometime after by Enderlein (1925 , p. 230). Reduced 
to synonym of Scaptia by Ferguson (1926, p. 303). Snonomysed as Scaptia (Pseudoscione) Lutz in Lutz, 
Araujo, and Fonseca, 1918 by Mackerras (1955, p. 493) who indicated it would remain available if the 
Australian members needed distinction from the remaining Scaptia (Pseudoscione) species. Mackerras 
~ 
(1955 , p. 493 , 1960, p. 81 , 1964, p. 79), Daniels (1989) and Lessard & Yeates (2012b) continued to treat 
Copidapha as a synonymy of Scaptia (Pseudoscione). 
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Lilaea Enderlein, 1922, p. 341, 1925, p. 297, misapplied name of Walker, 1850, by wrong selection of 
Pangonia roei Enderlein, 1922, which was actually the misapplied name ofMacleay, 1826 (= Pangonia 
concolor Walker, 1850), Australia as type species (Mackerras 1960). Corrected by Ferguson (1926, pp. 
294, 304). 
Scaptiella Enderlein, 1923, p. 544. Monotypic for Pangonia aperta Loew, 1859, "Lusitania",(= Pangonia 
subappendiculata Macquart, 1850), Australia. 
Astypia Enderlein, 1925, p. 297. Type species Pangonia jacksonii Enderlein, 1925, misapplied name of 
Macquart, 1838 (= Scaptia (Pseudoscione) calabyi Mackerras, 1960), Western Australia, by original 
description. 
Type species. Pangonia roei Macleay, 1826 (Figure 5), Australia, by original designation 
of Enderlein (1922, p. 337; under synonym Copidapha bifasciata Enderlein, 1925). 
Morphological diagnosis. Mostly medium to rather large (range 9-16 mm) plump 
species (Figure 5), with a moderately diverging frons, long slender proboscis with small 
labella, and relatively long slender legs. Distinguished from Pseudoscione by the truncate 
to moderately bulging face, wide palpi, and labella only slightly wider than the proboscis 
shaft. 
Female. Length 9-17 mm. Eyes hairy, sometimes extremely short and sparse as in the 
type species. Frons relatively narrow and strongly diverging (index usually 1.9 to 4.0), 
slightly raised at centre. Face less protuberant, truncate to moderately bulging, without 
obvious shine. Antennal scape and pedicel small, width equal to the cylindrical and 
tapered flagellum, with eight distinct flagellomeres without projections. Palpi long, equal 
to length of the flagellum, sometimes relatively short, less than length of the flagellum, 
always one-third the length of the proboscis shaft, usually think, pointed, occasionally 
truncate or slender, and with a well-defined lateral bare concavity that is either wide or 
narrow. Proboscis long and slender, ranging between one and a half times to twice the 
length of the head, with a small, moderately developed labella usually only slightly wider 
than the proboscis shaft. Scutum with or without conspicuous vittae. Abdomen ovular, 
either rounded or narrowed at end, with or without prominent markings. Wings usually 
with at least a darker cloud across apices of basal cells, or with a prominent second band 
at fork of R4+s; stigma inconspicuous; cell R5 often narrowed or closed; cell M3 always 
open; vein M1 without inflexion; vein R4 angulate, usually without appendix (Enderlein 
1925; Mackerras 1955, 1957, 1960 figs 41, pp. 124-147). Mackerras (1960, p. 83) 
described the genitalia as having the "eighth stemite with gonopophyses usually 
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Figure 5: Copidapha Enderlein, 1922 stat.n. , female of type species Pangonia roei Macleay, 1826: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (ANIC). 
triangular and approximated apically; cerci often truncate apically; lateral anns of furca 
not fused with 9th tergite". 
Male. Length 9-15 mm. Eyes holoptic, with upper facets slightly enlarged. Palpi stout 
and cylindrical, somewhat tapering at tip, in some cases only slightly longer than the 
females, with a small, subapical, lateral bare area. Style of hypopygium finger-like and 
rounded towards the tip (Mackerras 1960, fig. 41 ). 
Species included. An updated key to all 32 known Australian species was provided by 
,, 
Lessard and Yeates (2012b), whereas Mackerras (1964) provided a valid key to the eleven 
known species from New Guinea (Species List). 
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Distribution. Australia and New Guinea. Mainly a coastal Australian fauna, ranging 
from tropical northern Queensland to southern Victoria, with smaller populations in 
south-central South Australia and south-west Western Australia (Lessard & Yeates 
2012b, fig. 2; Mackerras 1960, fig. 20). There are also two isolated species each from 
central Australia and Tasmania. The New Guinea species are restricted to the high 
mountainous regions of the island (Mackerras 1964; Oldroyd 194 7). 
Biology. The genus is both nectar and blood-feeding, with adult females of Copidapha 
georgii (Taylor, 1918), Copidapha gemina (Walker, 1848), Copidapha regisgeorgii 
(Taylor, 1918), Copidapha xanthopilis (Ferguson, 1921), Copidapha concolor (Walker, 
1850), and Copidapha neoconcolor (Mackerras, 1960) recorded to feed on humans, with 
the latter two also known to attack horses (Lee et al. 1957; Lessard & Yeates 2012b; 
Mackerras 1960; personal communication). The species Copidapha subappendiculata 
(Macquart, 1850) and Copidapha quadrimaculata (Walker, 1848) are known to attack 
cattle (Ferguson & Henry 1920). Many adults feed on the nectar of the tea-tree genus 
Leptospermum, including Copidapha calabyi (Mackerras, 1960) and Copidapha vicina 
(Taylor, 1918) which were also recorded to feed from Eucalyptus (Lessard & Yeates 
2012b; Mackerras 1960). Interestingly some species such as Copidapha maculiventris 
(Westwood, 183 5) and Copidapha subcontigua (Ferguson, 1921) have a varied diet of 
horses, humans and Leptospermum (Mackerras 1960). The feeding habits of the New 
Guinean species have not been recorded. 
Only two larvae have been found and described for the Australian species C. vzczna 
collected from the soil and among decaying leaves and grass (English 1955). Larvae 
appear to be wider and slightly longer than those of Scaptia and Myioscaptia , and possess 
a distinct lateral fringe of long bristles on the aster, compared to the shorter and more 
spine-like fringe of the latter two genera (Mackerras 1960, figs 7-18, p. 9). 
Remarks. Copidapha is hereby reinstated as a valid genus of the Scionini, based on the 
distinct morphology, well-supported monophyly and firm genetic separation to all other 
genera of the Scionini (Figure 1). Moreover, the recent molecular results of Lessard et al. 
(2013) confirmed Lessard and Yeates' (2012b) decision to formally raise Copidapha 
guttipennis (Ferguson, 1924) and Copidapha occidentalis (Mackerras, 1960) from 
subspecies to species level, as each formed a distinct and well-supported monophyletic 
clade in the previous phylogenetic analysis. 
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Regarding the geographical divisions of the genus, the New Guinean species are 
considered to be northern radiations of the morphologically analogous Australian 
maculiventris subgroup (Macken·as 1961, 1964). Moreover, there are two isolated 
Australian species unplaced within Copidapha, including Copidapha mackerrasi 
(Lessard, 2012) and Copidapha ianthina (White, 1915). Copidapha mackerrasi is the 
only known member of the genus to occur in central Australia, over 900 km inland from 
the nearest coastline, and has such distinct morphology that it may represent a putative 
new genus of Scionini (Lessard & Yeates 2012b). Copidapha ianthina is the only species 
of the genus to occur in Tasmania and represented by a single specimen only. It is also 
more similar to the New Zealand species Ao. adrel than any other Australian species 
based on the shared morphology of the almost parallel frons and slender pal pi (Mackerras 
1960). Therefore more extensive sampling of C. mackerrasi, C. ianthina and New 
Guinean species is warranted for future molecular studies. 
Genus PALIMMECOMYIA Taylor, 1917 stat.n. 
(Figure 6) 
Palimmecomy ia Taylor, 1917b, p. 518. Originally monotypic for Palimmecomyia celaenospila Taylor, 
191 7 (= Pangonia walkeri Newman, 1857), Queensland, Australia, by original designation. Ferguson 
(1926 , p. 300) . 
Scaptia Walker 1850, subgenus Palimmecomy ia (Taylor, 1917). Macken-as (1955 , p. 498 , 1960, p. 142); 
Daniels (1989). 
Type species. Pangonia walkeri Newman, 1857 (Figure 6), Australia, by original 
designation of Taylor (1917, p. 518; under synonym Palimmeco1nyia celaenospila 
Taylor, 1917). 
Morphological diagnosis. Long (13-17 mm), narrow, elongated and parallel-sided wasp-
like species (Figure 6) , most similar to Copidapha, but distinguished by the peculiar 
shining wax-like cuticle, orange wings with striking brown staining at tips, and abdomen 
with distinct brown markings at the medial and lateral margins. 
Female. Length 13-17 mm. Eyes hairy. Frans" wide (index usually 2.0 to 2.4), slightly 
diverging, sometimes raised at centre to form a rudimentary callus. Face truncate to 
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Figure 6: Palimmecomyia Taylor, 1917 stat.n., female of type species Pangonia walkeri Newman, 1857: 
(a) dorsum; (b) side; (c) frons; (d) profile (AM). 
bulging, with depressions at base and sides, distinctly shining. Antennal scape relatively 
long, almost half the length of the flagellum, pedicel small, both equal to width of 
flagellum with eight distinct flagellomeres without projections. Palpi relatively long, 
equal to length of the flagellum and slightly less than half the length of the proboscis 
shaft, thick and pointed with a well-defined lateral bare concavity. Proboscis relatively 
long, approximately one and a half times the length of the head, slender and chitonised, 
with relatively small but moderately developed labella, only slightly wider than the 
proboscis shaft. Scutum with at least indications of vittae. Abdomen long, length at least 
twice the width, and narrow parallel-sided, marked with dark brown patches at the 1nedial 
and lateral margins. Wings orange to brown, with dark brown infuscated tips; stigma 
inconspicuous; cell Rs usually closed, so1netimes open; cell M3 open; vein M1 without 
inflexion; R4 angulate, with or without a small appendix (Ferguson 1926; Taylor 1917; 
Mackerras 1960). Mackerras ( 1960, p. 142) described the genitalia as having the "eighth 
stemite with gonopophyses subtriangular; cerci rounded apically; lateral arms of furca 
fused with 9th tergite". 
155 
Chapter Eight 
Male. Length 13-16 mm. Eyes holoptic, with upper facets enlarged. Palpi short, slender, 
cylindrical, obliquely truncate at tip, and with a distinct lateral bare area. Mackerras 
(1960, p. 142) described the genitalia as having the "ninth tergite deeply incised distally; 
aedeagus and coxite normal; style hooked and pointed at tip, but not unusually wise, nor 
with zone of conspicuous hairs". 
Species included. A valid key to the only two known species (Species List) was 
provided by Mackerras (1960, p. 142). 
Distribution. Australia. Predominantly occurring 1n the eastern coast of southern 
Queensland and northern New South Wales (Mackerras 1960, fig. 22). There also appear 
to be two aberrant and isolated populations in Western Australia and South Australia 
(Mackerras 1960) (see Remarks). 
Systematics. Although absent in the current molecular phylogenetic hypothesis for the 
tribe, morphological evidence suggests that Palimmecomyia is closest related to 
Copidapha (Figure 1 ), both sharing the diverging frons, the relatively long and slender 
proboscis with less developed labella, and small, thick and pointed palpi that have an 
obvious lateral bare concavity. 
Biology. Nothing is known regarding the feeding and larval habits for the genus. 
Remarks. Palimmecomyia is hereby reinstated as a valid genus of the Scionini, based on 
the distinct morphology described above. The genus is extremely rare, with limited 
material available for examination. Only a handful of speci1nens have been collected for 
both species over the last hundred years, and consequently, the collection records for the 
genus are extremely poor; for the few specimens collected for Palimmecomyia pictipennis 
Mackerras, 1960, records merely read "S. Australia" and "Darling Range", with the latter 
presumably from Western Australia. Mackerras ( 1960, p. 145) stated "neither record can 
be accepted unreservedly until more specimens are discovered". Therefore, more 
extensive material, including the type species, is desired for future morphological and 
molecular analyses. 
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(Figure 7) 
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Scaptia Walker 1850, subgenus Myioscaptia Mackerras, 1955a (fig. 30, p. 496). Type species Pangonia 
violacea Macquart, 1850, Australia, by original designation. Fairchild & Mackerras (1977) ; Mackerras 
(1955, p. 496, 1960, p. 122); Daniels (1989, 2011); Lessard & Yeates (2013). 
Type species. Pangonia violacea Macquart, 1850 (Figure 7), Australia, by original 
designation ofMackerras (1955, p. 496). 
Morphological diagnosis. Small (8-11 mm) and rotund species (Figure 7), often 
appearing to mimic blowflies, either brightly colourful and metallic or dull and semi-
metallic in lustre, most similar to Plinthina but separated by the smaller size, short 
rounded and leaf-like palpi, and less obvious scutal vittae and abdominal markings. 
Female. Length 8-11 mm. Eyes hairy. Frons usually parallel, sometimes only slightly 
diverging dorsally and ventrally, narrow (index usually 2.5 to 4.3), slightly raised at 
centre. Face truncate to moderately bulging, with depressions at base and sides, rarely 
shining. Antennae scape and pedicel small, equal to width of stout cylindrical flagellum 
with eight distinct flagellomeres without projections. Palpi short, usually less than the 
length of flagellum and less than one third the length of the proboscis shaft, flattened, 
broad and leaf-like, with a well-defined flat bare area. Proboscis relatively small, less than 
one and a quarter times the head length, relatively slender, heavily chitonised, usually 
with well-developed labella usually wider than the proboscis shaft. Scutum either metallic 
or non-metallic, sometimes shining, usually without conspicuous vittae that rarely 
exceeds the transverse suture. Abdomen short and rotund, either metallic or non-metallic, 
sometimes shining, without obvious markings. Wings clear; stigma prominent; cell Rs 
narrowed, or closed with a short petiole; cell M3 open; vein M1 without inflexion; R4 
angulate, with or without appendix (Mackerras 1955, 1960). Mackerras ( 1960, p. 122) 
described the genitalia as having the "eight stemite with gonopophyses rounded; cerci 
rounded apically; lateral arms of furca relatively large, narrowly fused with lateral edge 
of 9th tergite". 
Male. Length 8-10 mm. Eyes holoptic, with upper facets slightly enlarged. Pal pi short, 
slender, cylindrical and blunt, with an obvious apical lateral bare area. Mackerras (1960, 
p. 122) described the genitalia as having the "hypopygium with aedeagus unusually long; 
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Figure 7: Myioscaptia Mackerras, 1955 stat.n. , female of type species Pangonia violacea Macquart, 1850: 
(a) dorsum; (b) side; (c) frons ; (d) profile (ANIC). 
coxites normal; style hooked and pointed at tip, but not unusually wide, and without 
strong hairs" . 
Species included. An updated key to all eleven known species (Species List) was 
provided by Lessard & Yeates 2013. 
Distribution. Australia. Predominantly a temperate eastern coast genus, ranging from 
tropical north Queensland to southern Victoria. There is also a smaller Western Australian 
radiation corresponding to Myioscaptia la,nbkinae Lessard, 2013 and Myioscaptia 
gibulla (Walker, 1848), both recorded 270 km inland from the coast in dry and drought 
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prone environments (Lessard & Yeates 2013, fig. 1; Lessard et al. 2013; Mackerras 1960, 
fig. 21). 
Biology. Myioscaptia is largely blood-feeding, with Myioscaptia calliphora Mackerras, 
1960, Myioscaptia ferromontana Daniels, 2011 Myioscaptia inopinata Fairchild & 
Mackerras, 1977, M violacea and Myioscaptia bancrofti (Austen, 1912) all recorded to 
feed on humans, with the latter two also known to attack cattle (Fairchild & Mackerras 
1977; Daniels 2011; Mackerras 1960). Most species exhibit the unusual behaviour of 
mimicking the general appearance of blowflies, including the sound and general low level 
approach to flight (Nicholson 1927; Mackerras 1955, 1960). 
The larval and pupal stages have been described for only one species, Myioscaptia 
muscula (English, 1955), with the larvae found developing in sandy cave floors and the 
ledges of sandstone cliffs, sometimes coexisting with ant lion larvae (English 1955; 
Mackerras 1955, 1960). Of the limited number of Scionini larvae found, they appear to 
be shorter and more slender than the Copidapha larvae (Mackerras 1960, figs 7-18, p. 9), 
and have short and more spine-like lateral tufts on the aster, most similar to Scaptia 
larvae. 
Remarks. Myioscaptia is hereby raised to genus level and is recognised as a valid genus 
of the Scionini, based on the distinct morphology, well-supported monophyly and firm 
genetic separation from the remainder of the Scionini (Figure 1 ). 
Genus PLINTH/NA Walker, 1850 stat.n. 
(Figure 8) 
Plinthina Walker, 1850, p. 10. Originally monotypic for Pangonia macroporum Macquart, 1838 (= 
Pangonia binotata Latreille, 1812), Australia, by original designation. Ferguson (1924, p. 253, 1926, p. 
299); Mackerras (1955, p. 497). 
Scaptia Walker 1850, subgenus Plinthina (Walker, 1850). First recognised as a subgenus of Scaptia by 
Ferguson (1926, p. 299). Mackerras (1955, 1960); Daniels (1989); Lessard & Yeates (2011, p. 242). 
Type species. Pangonia binotata Latreille, 1812 (Figure 8), Australia, by original 
designation of Walker (1850, p. 10; under synonym Pangonia macroporum Macquart, 
1838). 
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Figure 8: Plinthina Walker, 1850 stat.n. , female of type species Pangonia binotata Latreille, 1812: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (ANIC). 
Morphological diagnosis. Medium-sized (9-14 mm) species, most similar to 
Myioscaptia but distinguished by the distinct marbling of the wings, although sometimes 
rather subtle, sho1i thick and broad flattened palpi, with prominent scutal vittae and 
usually with distinct markings on the abdomen (Figure 8). 
Female. Length 9-14 mm. Eyes hairy. Frans narrow, usually parallel, sometimes slightly 
diverging (index usually 2.7 to 3.8), rarely raised at centre. Face truncate to slightly 
bulging, rarely shining. Antennal scape and pedicel small, equal to width of the tapering 
flagellum with eight distinct flagellomeres without projections. Palpi usually relatively 
sho1i, less than the length of flagellum and always less than a quarter of the length of the 
proboscis shaft, usually thick, rounded apically, flattened, with a well-defined lateral bare 
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area. Proboscis relatively short, less than one and a quarter times the head length, 
moderately slender, chitonised, with relatively small, moderately developed labella 
usually as wide as the proboscis shaft. Scutum usually with conspicuous vittae exceeding 
transverse suture, sometimes less defined. Abdomen rotund to ovular, occasionally with 
distinct banding or patterns. Wing usually distinctly marbled with conspicuous brown 
staining in the cells, sometimes evanescent or clear; stigma prominent, usually brown; 
cell R5 closed, often with a long petiole; cell M3 open; vein M1 without inflexion; R4 
angulate, with or without an appendix (Lessard & Yeates 2011; Mackerras 1960). 
Mackerras (1960, p. 131) described the genitalia as having the "eighth sternite often 
unusually wide, fused with lateral edge of 9th tergite. The two halves of the 10th tergite 
also tend to fuse with each other and with the 9th, evidently a further expression of a need 
for rigidity in these parts". 
Male. Length 9-11 mm. Eyes holoptic, with upper facets enlarged. Palpi short, slender, 
cylindrical, blunt at tip, and with a lateral bare area distally. Mackerras (1960, p. 131) 
described the genitalia as having the "hypopygium with aedeagus long; coxite thick and 
often rigid; style wide, strongly hooked and pointed at tip, and with a zone of conspicuous, 
short, thick hairs about middle". 
Species included. An updated key to all twelve known species (Species List) was 
provided by Lessard and Yeates (2011 ). 
Distribution. Australia. Predominantly dispersed along the eastern coast ranging from 
north Queensland to northern New South Wales, with three smaller radiations in 
southeastern Western Australia, the northern coast of Western Australia and the northeast 
coast of the Northern Territory (Lessard & Yeates 2011, fig. l; Lessard et al. 2013; 
Mackerras 1960, fig. 22). 
Biology. The genus is largely blood-feeding, with Plinthina clelandi (Ferguson, 1921), 
Plinthina divisa (Walker, 1850), Plinthina vertebrata (Bigot, 1892) and Pl. binotata 
recorded to feed on cattle (Mackerras 1960), with the latter also a "vicious and persistent 
biter" of humans (Mackerras 1960, p. 7). Larval habits are unknown for the genus. 
Remarks. Plinthina is hereby reinstated as a valid genus of the Scionini, based on the 
distinct morphology, well-supported monophyly and firm genetic separation to the 
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remainder of Scionini (Figure 1 ). Based on previous collection records, the genus appears 
to be well adapted to tolerate arid environments, particularly Plinthina arnhemensis 
Lessard, 2011 and Pl. clelandi, which have been collected 180 km and 280 km inland 
from the nearest coastline, respectively. The aridification of central Australia may have 
been a driving force for the speciation of the genus. Moreover, Mackerras (1955) 
suggested that the genus evolved in Western Australia and radiated eastwards. 
Conversely, the current molecular phylogenetic hypothesis for the Scionini (Lessard et 
al. 2013) suggest that Plinthina may have originated in the eastern coast and later radiated 
to the Northern Te1Titory and Western Australia, as the Queensland species recovered as 
sister to the remainder of No1ihern Territory and Western Australian species. 
Genus APOCAMPTA Schiner, 1867 stat.n. 
(Figure 9) 
Apocampta Schiner, 1867, p. 310, 1868, p. 96. Monotypic for Apocampta nigra Schiner, 1868 (= Chrysops 
subcana Walker, 1848), Australia, by designation of Schiner (1868). Enderlein (1922, p. 336, 1925, p. 
268) . Reduced to a synonym of Scaptia by Ferguson (1926, p. 300). Daniels (1989) ; Mackerras (1960, p. 
3 7 fig. 53, p. 50, p . 51 fig. 82). 
Type species. Monotypic for Chrysops subcana Walker, 1848 (Figure 9), Australia, by 
designation of Schiner (1867, 1868; under synonym Apocampta nigra Schiner, 1868). 
Morphological diagnosis. A small (length 9-12 mm) slender, concolorous black, shining 
monotypic genus (Figure 9), with a narrow oblong abdomen, differentiated from Ocsa by 
the smaller size, abdomen without obvious lateral fringes of hair, and wings infuscated 
with dark brown to black radial staining. 
Female. Length 9-12 mm. Eyes hairy. Frans relatively narrow, nearly completely parallel 
and only slightly diverging at base (index 1.7), mostly flat at centre. Face truncate to 
slightly bulging, with basal indentation and depression at sides, without shine. Antennae 
with short scape and pedicel, flagellum relatively cylindrical, tapering, with eight distinct 
flagellomeres without projections. Proboscis relatively short and thick, approximately 
equal to the length of the head, with large, well-developed labella wider than the proboscis 
shaft. Palpi long, equal to or greater than the length of the flagellum, only slightly shorter 
than half the length of the proboscis, narrow, slender and sabre-like, with a flat well-
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Figure 9: Apocampta Schiner, 1867 stat.n., female of type species Chrysops subcana Walker, 1848: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (ANIC). 
defined lateral bare area or concavity. Scutum with at least traces of vittae. Abdomen 
slender, elongated oblong to elliptical in shape, without obvious marginal fringes of hair. 
Wings infuscated brown to black, darkest along radial area; stigma prominent, dark brown 
to black; cell Rs open; cell M3 widely open; vein M1 without inflexion; R4 curved without 
appendix (Enderlein 1925; Mackerras 1960; Schiner 1868). Genitalia with eighth stemite 
gonophyses rounded, apically truncated cerci, with the lateral arms of furca without being 
fused to the 9th tergite (Mackerras 1960). 
Male. Length 9-11 mm. Hairier and thicker than females. Eyes holoptic, with upper facets 
only slightly enlarged. Palpi slender, subcylindrical, slightly tapered, with a reduced 
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lateral bare area. Genitalia with a finger-like style of the hypopygium that is somewhat 
rounded at the tip (Mackerras 1960). 
Species included. The genus is represented by the type species only (Species List). 
Distribution. Australia. Dispersed along the eastern coast, ranging from northern 
Queensland to southeastern New South Wales and the Australian Capital Territory 
(Lessard et al. 2013; Mackerras 1960). 
Biology. The genus is recorded to feed on the blood of humans (Mackerras 1960). Larval 
stages are unknown for the genus. 
Remarks. Apocampta is hereby reinstated as a valid genus of the Scionini, based on the 
distinct morphology and strong genetic divergence from all remaining Scionini (Figure 
1). 
Genus OSCA Walker, 1850 stat.n. 
(Figure 10) 
Osca Walker, 1850, p. 10. Type Pangonia depressa Macquaii, 1837 (= Tabanus latus [= lata] Guerin-
Meneville, 1835), Chile, by designation of Coquillett (1910). Reduced to a synonym of Scaptia by 
Ferguson (1924, p. 256; 1926, p. 298), although Krober (1930b, 1932, 1934) and others continued to use 
Osca for South American species. Mackerras (1955) did not morphologically separate Osca from Scaptia 
(Scaptia), but acknowledged that they did form a unique group of species. The following authors 
continued to treat Osca as a synonymy of Scaptia: Cardenas et al. (2009); Chainey et al. (1994, p. 326); 
Coscaron & Papavero (1993, pp. 18, 61, 2009, pp. 9, 53) ; Coscaron & Wilkerson (1985, p. 277); Fairchild 
(1956, p. 9; 1966b, p. 354); Mackerras (1955, p. 490, 1960, p. 36); Philip (1967, p. 112); Wilkerson (1984, 
p . 434) ; Wilkerson & Fairchild (1984, p. 45). 
Diatomineura Rondani, 1863. Type Pangonia depressa Macquart, 1837 (= Tabanus latus Guerin, 1832), 
Chile, by designation of Coquillett (1910). 
Bombomimetes Enderlein, 1922. Monotypic for Pangonia rufoaurea Philippi, 1865 (= Pangonia rufa 
Macquaii, 183 8), Chile. Synonymy by Krober (1930b ), with Mackerras (1955) agreeing upon 
examination of both sexes. 
Calliosca Enderlein, 1925. Monotypic for Calliosca schoenemanni Enderlein, 1925 (= Diabasis varia 
,, 
Walker, 1848), Chile. Mackerras (1955) found nothing in the description or notes on the female to 
separate this genus from Scaptia. Fairchild (1956, p . 9; 1966a, p. 1) confirmed synonymy. 
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Figure 10: Osca Walker, 1850 stat.n., female of type species Tabanus lata Guerin-Meneville, 1835: (a) 
dorsum; (b) side; (c) frons; (d) profile (ANIC). 
Type species. Tabanus latus Guerin-Meneville, 1835 (= lata; Figure 10), Chile, by 
designation of Coquillett ( 1910). 
Morphological diagnosis. Moderately-sized (length 11-19 mm) and broadly built 
species (Figure 10), somewhat resembling bumblebees, with long thick legs and a rather 
broad oblong abdomen, separated from Apocampta by the less adorned wings and distinct 
dorsoventrally compressed abdomen with dense lateral fringes of hair. 
Female. Length 11-19 mm. Eyes hairy. Frons very narrow (index usually 2.8 to 4.8), 
typically parallel, occasionally diverging either dorsally or ventrally, slightly raised 
narrowly at centre, subcallus slightly bulging but not distinctly separated. Face truncate 
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to somewhat bulging dorsally, with depressions at base and sides, at least partially 
shining. Antenna! scape and pedicel small, equal to width of the flagellum, with eight 
distinct flagellomeres, the first three flagellomeres thick but not wider than the scape, and 
the distal flagellomeres narrowly tapering, without projections. Palpi long, exceeding 
length of the flagellum and at least half or equal to the length of the proboscis shaft, 
usually elongated, pointed and sabre-like, sometimes flattened, with a flat and well-
defined lateral bare area or concavity. Proboscis very short, usually less than the length 
of the head, extremely thick and heavily chitonised, with large, well-developed labella 
usually wider than the proboscis shaft. Scutum with at least indications of vittae. 
Abdomen usually rather oblong and dorsoventrally compressed, with a dense lateral 
fringe of conspicuous hairs. Wings usually clear to greyish; stigma present, usually 
inconspicuous; cell Rs usually open, sometimes narrowed or closed and petiolate; cell M3 
open; vein M1 without inflexion; R4 curved, with or without appendix. Genitalia with 
eight sternite width usually exceeding height, gonopophyses rounded at boarder, cerci 
usually indirectly truncated at the tip, occasionally subtrapezoidal, genital fork slightly 
convex, with slightly chitonised spermathecae (Coscar6n & Papavero 2009; Coscar6n & 
Wilkerson 1985; Krober 1930b). 
Male. Length 14.5-17 mm. Eyes holoptic, with upper facets slightly enlarged. Palpi 
sho1ier than female, subcylindrical, slightly tapered, with relatively broad and flat apical 
bare area. Genitalia with the gonocoxite width exceeding the length of the gonostylus, 
occasionally reversed with the gonostylus being longer than the basal width of the 
gonocoxite, gonostylus distally pointed, with an elongated epandrium, sometimes with 
two small median posterior lobes, and subtrapezoidal cerci (Coscar6n & Wilkerson 
1985). 
Species included. A valid key to the majority of species (Species List) was provided by 
Coscar6n and Wilkerson (1985), with one later described species 0. nigribella 
(Wilkerson, 1984) identified in couplet nine (Wilkerson 1984). 
Distribution. South America. Distributed in the temperate and high altitude regions of 
the Andeas , ranging from Bolivia and Peru to Argentina and Chile (Coscar6n & 
Wilkerson 1985; Coscar6n & Papavero 2009; ~essard et al. 2013). 
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Biology. The genus is blood-feeding in behaviour, with 0. lata referred to as "an avid 
biter of humans and animals" (Coscar6n & Wilkerson 1985, p. 289). Some members are 
expected to feed on the nectar of plants, as the abdomen of 0. lata is occasionally full of 
nectar and quite sweet (pers. exp.). 
Larvae and pupae of 0. lata have been found developing within close proximity to 
decomposing tree trunks and in the roots of grass (Coscar6n & Gonzalez 1989). Larvae 
superficially appear to resemble the general shape, width and coloration patterns of 
Myioscaptia larvae, but differ in the aster possessing shorter and stouter horns, with thick 
lateral spines, more similar to Scaptia larvae. Coscar6n and Gonzalez ( 1989) agreed with 
English (1955) in that it can take up to two to three years for the larvae to complete 
development. 
Remarks. 0sca is hereby reinstated as a valid genus of the Scionini, based on the distinct 
morphology and firm genetic separation from all remaining Scionini (Figure 1) . 
Moreover, 0sca is defined to include the eleven species presented in Table One. More 
species are required for future molecular sampling to confirm the monophyly of the 
genus, as the current molecular phylogenetic hypothesis for the Scionini includes only 
the type species 0. lata (Lessard et al. 2013). 
Genus TR/CL/STA Enderlein, 1922 stat.n. 
(Figure 11) 
Erephopsis Rondani, 1863, p. 85. Enderlein (1925 , p. 296) wrongly cited Tabanus guttatus (= guttata) 
Donovan, 1805 as type species. 
Triclisia Enderlein, 1922, p. 339. Originally listed as monotypic for Pangonia limbinevris Enderlein, 1922, 
Australia (= Pangonia singularis Macquart, 1846), in Enderlein 's (1922, p. 338) key to the Scionini and 
officially described sometime after by Enderlein (1925 , p. 304 ). Reduced to a synonym of Scaptia by 
Ferguson (1926, p. 299), adopted by Daniels (1989) and Mackenas (1955 , p. 491 , 1960, pp . 41-46). 
Type species. Pangonia singularis Macquart, 1846 (Figure 11 ), Australia, by designation 
of Enderlein (1922, p. 339; under synonym Pangonia limbinevris Macquart, 1855). 
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Figure 11: Triclista Enderlein, 1922 stat.n., female of type species Pangonia singularis Macquart, 1846: 
(a) dorsum; (b) side; (c) frons ; (d) profile (ANIC). 
Morphological diagnosis. Very large (16-24 mm) and robust species (Figure 11 ), with a 
short thick proboscis, long and rather sabre-like palpi, superficially similar to Scaptia but 
distinguished by the larger size, clouded wings usually with cells Rs closed and M3 closed 
or narrowed, and abdomen with obvious white patches. 
Female. Length 16-24 mm. Eyes hairy. Frans narrow (index usually 3.0 to 4.3) and 
parallel, only slightly diverging or converging either dorsally or ventrally, slightly raised 
at centre, subcallus slightly bulging and distinctly separated. Face truncate, depressed at 
base and sides, without obvious shine. Antennal with short scape and pedicel, equal to 
basal width of tapering flagellum, with eight distinct flagellomeres without projections. 
Palpi long, exceeding length of the flagellum and longer than half the length of the 
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proboscis shaft, slender, pointed and sabre-like, with a well-defined bare lateral area. 
Proboscis small, equal to the length of the head, thick and heavily chitonised, with large, 
well-developed labella, wider than the proboscis shaft. Scutum with at least indications 
of scutal vittae, sometimes obvious and exceeding the transverse suture. Abdomen large 
and rotund, with distinct white medial patches. Wings clouded grey to smoky, usually 
with darker patches at basal crossveins; stigma inconspicuous; Rs usually closed with 
petiole; cell M3 usually narrowed, but occasionally closed and petiolate; vein M1 without 
inflexion; R4 angulate with or without appendix (Enderlein 1925; Mackerras 1960). 
Genitalia with eighth sternite gonopophyses rounded, cerci apically truncated and with 
lateral arms of the furca without being fused to the 9th tergite (Mackerras 1960). 
Male. Length 11-18 mm. Eyes holoptic, usually with upper facets distinctly enlarged. 
Palpi small, cylindrical at base, apical half slender, occasionally broad, rather flat and 
slightly tapered at tip, with a moderate-sized flat bare area. Genitalia with style of 
hypopygium elongated, finger-like and rounded at tip (Mackerras 1960). 
Species included. A valid key to all three known species (Species List) was provided in 
couplets 2-3 of Mackerras (1960, p. 39) key to the former subgenus Scaptia (Scaptia). 
Distribution. Australia. Eastern coast ranging from southeastern Queensland to southern 
Victoria, with an isolated population in southwest Western Australia (Lessard et al. 2013; 
Mackerras 1960). 
Biology. The genus is blood-feeding in behaviour, with Triclista gutatta (Donovan, 1805) 
and T. singularis recorded to attack humans, horses and livestock (Ferguson & Henry 
1920; Mackerras 1960). Triclista singularis has been collected from Eucalyptus (personal 
observation) and is presumed to be nectar-feeding. Larval stages are unknown for the 
genus. 
Remarks. Triclista is hereby reinstated as a valid genus of the Scionini, based on the 
distinct morphology, well-supported monophyly and firm genetic separation from all 
remaining Scionini (Figure 1 ). 
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Genus SCAPTIA Walker, 1850 
(Figure 12) 
Scaptia Walker, 1850, p. 8. Type species Pangonia aurata Macquart, 1838, Australia, by designation of 
Coquillett (1910, p. 603). Ferguson (1924, 1926). 
Scaptia Walker, 1850, subgenus Scaptia Macken-as 1955, p. 490. Fairchild (1969 , p. 203); Daniels (1989); 
Macken-as (1960, p. 36); Lessard & Yeates (2013). 
Type species. Pangonia aurata Macquart, 1838 (Figure 12), Australia, by designation of 
Coquillett (1910, p. 603). 
Morphological diagnosis. Mostly small to medium-sized (7-18 mm) solidly built 
species, with relatively short and strong legs (Figure 12), distinguished from other genera 
by the parallel frons, large pointed sabre-like palpi, short thick proboscis with large and 
well-developed labella, rather stout and rotund abdomen that is not obviously 
dorsoventrally compressed and wings with cells Rs and M3 open. 
Female. Length 7-18 mm. Eyes hairy. Frons narrow, usually parallel or slightly 
converging ventrally (index usually 2.0 to 4.0), slightly raised at centre in some species, 
subcallus occasionally bulging and distinct. Face truncate, with depressions at the base 
and sides, without obvious shine. Antennal scape and pedicel small, almost equal to 
length of the flagellum, with eight distinct flagellomeres, widest on first basal segment 
and tapering at tip, without projections. Palpi long, usually equal to or greater than the 
length of the flagellum or greater than half the length of the proboscis shaft, sometimes 
only shorter than the flagellum length or half the length of the proboscis shaft, usually 
laterally compressed, pointed and sabre-like, and with a conspicuously broad lateral bare 
area. Proboscis short, usually as long as the head length, thick and heavily chitonised with 
large and well-developed labella wider than the proboscis shaft. Scutum with or without 
conspicuous vittae, occasionally exceeding transverse suture. Abdomen usually stout and 
rotund, either with or without obvious markings or patterns. Wing usually clear, 
occasionally spotted at crossveins or with radial suffusion; stigma often inconspicuous; 
cell Rs usually open, sometimes narrowed, rarely closed; cell M3 open; vein M1 without 
inflexion; R4 angulate, with or without appendix (Mackerras 1955, 1960). Mackerras 
(1960, p. 36) described the genitalia as having the "eighth stemite with gonopohyses often 
rounded; cerci often truncate apically; lateral arms of furca not fused with 9th tergite". 
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Figure 12: Scaptia Walker, 1850, female of type species Pangonia aurata Macquart, 1838: (a) dorsum; 
(b) side; ( c) frons; ( d) profile (NHM). 
Male. Length 7-15 mm. Eyes holoptic, with upper facets only slightly enlarged. Palpi 
short and slender, cylindrical, blunt at tip, and with an apical lateral bare area. Mackerras 
(1960 1 p. 36) described the genitalia as having the "style of hypopygium finger-like, 
rounded at tip". 
Species included. A valid key to species (Species List) was provided by Mackerras' 
(1960, p. 39) key to the former subgenus Scaptia (Scaptia), with the recently described 
species S. aurinigra Lessard, 2013 identified in couplet 11 (Lessard & Yeates 2013 ). 
Distribution. Australia. Predominantly coastal, ranging from northern Queensland to 
southern Victoria, with three isolated populations in southern South Australia, southwest 
Western Australia, and Tasmania (Lessard et al. 2013; Mackerras 1960, fig. 19). 
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Biology. The genus 1s both nectar and blood-feeding, with Scaptia brevirostris 
(Macquart, 1850), Scaptia pulchra (Ricardo, 1915), Scaptia similis Mackerras, 1960 and 
Scaptia testacea (Macquart, 183 8) recorded to bite humans (Mackerras 1960), and 
Scaptia fulgida (Ferguson & Henry, 1920) and Scaptia monticola Mackerras, 1960 
collected from Leptospermum (Mackerras 1960; personal observation). The three species 
Scaptia auriflua (Donovan, 1805), Scaptia jacksoniensis (Guerin, 1831) and Scaptia 
jacksonii (Macquart, 183 8) have all been observed to feed from both humans and flowers 
of Leptospermum (Lee et al. 1957; Mackerras 1960; White 1915). 
Larvae and pupae have only been described for Scaptia patula (Walker, 1848). Larvae 
were collected from the surface of damp soil and among grass roots in the mountainous 
regions of southern New South Wales, and were found feeding on Tipulidae larvae (Fuller 
1936; Mackerras 1955, 1960). Mackerras (1960, p. 10) described the larvae as "elongate 
to rather leech-like in shape when active, but contracted to a short, barrel-like form when 
disturbed". English (1955) hypothesised that it could take approximately two to three 
years for the larvae of Scaptia to complete development. The larvae are most 
morphologically similar to those of Myioscaptia as they are more slender and shorter than 
Copidapha larvae, but are distinguished by the short and thick lateral spines on the aster 
(Macke1Tas 1960, fig. 7-18, p. 9). 
Remarks. Scaptia is recognised as a valid genus of the Scionini, based on the distinct 
morphology, well-supported monophyly and firm genetic separation from all remaining 
Scionini (Figure 1 ). Moreover, Scaptia is hereby redefined to include the Australian 
species (presented in SI: Species List) exclusively belonging to the former subgenus 
Scaptia (Scaptia ), excluding those of the newly ressurected genera Apocampta and 
Triclista. Mackerras (1960) indicated that the Australian species Scaptia aurinotum 
Mackerras, 1960, Scaptia barbara Mackerras, 1960, Scaptia limbithorax (Macquart, 
1855) and Scaptia norrisi Mackerras, 1960 were somewhat similar to the South American 
genus Osca, although synonymised at the time, specifically in size, oblong shape and 
distinct lateral fringe of dense hair present on the abdomen. These species may represent 
a link between the Australian and South American fauna and are therefore desired for 
future molecular studies. 
Regarding the southeastern Australian species S. auriflua, the current molecular 
phylogenetic hypothesis for the tribe (Lessard et al. 2013) indicates that the 
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geographically disjointed Tasmanian and mainland Australian populations exhibit 
minimal genetic divergence, confirming that S. auriflua is a single species. This suggests 
that the island of Tasmania was colonised more recently by the species, most likely in the 
Pleistocene during the last glacial period occurring 9,000 to 6,500 years ago. 
Genus LEPMIA Fairchild, 1969 stat.n. 
(Figure 13) 
Scaptia Walker, 1850, subgenus Lepmia Fairchild, 1969, p. 203. Type species Pangonia molesta 
Wiedemann, 1828, Brazil, by original designation. Coscar6n & Iide (2003, p. 757); Coscar6n & Papavero 
(1993, pp. 18, 62, 2009, pp. 9, 54-55); Fairchild (1971, p. 16); Fairchild & Burger (1994, p. 38). 
Type species. Pangonia moles ta Wiedemann, 1828 (Figure 13 ), Brazil, by original 
designation of Fairchild (1969, p. 203). 
Morphological diagnosis. Moderately-sized (length 11-15.5 mm) broad and densely 
haired species (Figure 13), with large bulbous abdomens, moderately-sized and thick 
proboscis with small, reduced labella, and more bulging and less projecting face than 
Parosca or Pseudoscione. The genus appears to be an intermediate form of Pseudoscione 
and Scaptia, with a stout build, thick proboscis and robust legs of Scaptia, with the 
projecting face and longer proboscis with reduced labella similar to Pseudoscione. Palpi 
are usually short, broad, flat and usually blunt, with an extensive bare area, most similar 
to Myioscaptia and Plinthina. 
Female. Length 11-15.5 mm. Eyes hairy. Frons narrow (index usually 2.5 to 3.6), parallel 
to slightly diverging, slightly raised at centre, with a slightly bulging and distinct 
subcallus. Face obviously bulging, only slightly projecting, with minor depressions at 
base and without shine. Antennal scape and pedicel small, scape only slightly wider than 
the length, flagellum cylindrical with eight distinct flagellomeres without projections. 
Palpi short, always less than the length of the flagellum and less than one third the length 
of the proboscis shaft, broadly trapezoidal, flattened and slightly rounded at tip, 
occasionally tapered at tip, always with a well-defined flat broad bare area. Proboscis 
moderate in length, just exceeding the length of the head, relatively slender and 
chitonised, with small and reduced labella, usually not exceeding the width of the 
proboscis shaft. Scutum without obvious vittae, distinctly covered in dense hair. 
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Figure 13: Lepmia Fairchild, 1969 stat.n. , female of type species Pangonia molesta Wiedemann, 1828: 
(a) dorsum; (b) side; (c) frons; (d) profile (antennal flagellum of Diatomineura seminigra Ricardo, 1902; 
NHM). 
Abdomen stout and rounded, somewhat shining and without prominent markings. Wings 
smoky brown or grey; stigma inconspicuous; cell Rs widely open; cell M3 widely open; 
vein M1 curved, without inflexion; R4 angulate and without appendix. Genital cerci wider 
than length with a concave posterior boarder, narrow fork at base, elongated furca, and 
gonapophysis wider than length (Fairchild 1969; Coscar6n & Iide 2003; Coscar6n & 
Papavero 2009). 
Male. Length 11 mm (based on specimens examined). Similar to female but hairier. Eyes 
holoptic, with upper facets not obviously enl-arged (Fairchild 1969; Coscar6n & Iide 
2003). Coscar6n & Iide (2003, pp. 757, 760) described the genitalia of Lepmia seminigra 
(Ricardo, 1902) as having the "gonocoxite a little wider than basistyle length; dististyle 
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pointed distally with blunt apex; aedeagus robust; epandrium elongated, gradually 
concave basally, ventral plate of proctiger narrow and cerci subtrapezoidal", and the 
genitalia of L. molesta as having the cercus "truncate with small median depression 
apically, [and] ninth tergite with long hairs". According to Wilkerson and Coscar6n 
( 1984 ), the male of Lepmia leucothorax (Ricardo, 1900) trans.n. has relatively shorter 
cerci when compared to Pseudoscione. 
Species included. There are now six recognised species of Lepmia (Species List), 
including the four species Lepmia atra (Philippi, 1865) trans.n., Lepmia grisea 
(J aennicke, 1867) trans.n., Lepmia hibernus (Wilkerson & Coscar6n, 1984) trans.n. and 
L. leucothorax, which have been transferred from their previous position within the 
former subgenus Scaptia (Pseudoscione) (see Remarks). 
Key to females of South American species of the revised genus Lepmia 
1. Small species (length 11-13 .5 mm); scutal hairs not overly dense; abdomen with 
first two tergites pale yellowish-brown, contrasting to darker brown apical tergites. 
Brazil ......................... ........................................................................................................ 2 
Large species (length 12-15.5 mm); scutum densely covered in yellowish-
brown or grey hairs, usually contrasting ground colour; _abdomen concolorous dark 
reddish-brown or black. Brazil and Chile .......................................................................... 3 
2. Scutum and abdomen rather concolorous yellow to reddish-brown, not obviously 
contrasting; scutal hairs copper to golden 
yellow ........................................................................................ seminigra (Ricardo, 1902) 
Scutum dark brown to blackish, sharply contrasting the paler yellowish-brown 
first two anterior tergites of abdomen; scutal hairs grey to dark 
brown ..................................................... hibernus (Wilkerson & Coscar6n, 1984) trans.n. 
3. Scutum and abdomen dark brown, with yellowish to golden-brown scutal hairs; 
wings smoky brown. Brazil. ................................................... molesta (Wiedemann, 1828) 
Scutum and abdomen black, with pale grey to white scutal hairs; wings smoky 
grey. Chile ......................................................................................................................... 4 
4. Scutal hairs entirely black, occasionally mixed with grey hairs; pleural and 
abdominal hairs black ........................................................... atra (Philippi, 1865) trans.n. 
Scutal hairs pale grey to white; pleural hairs black with pale grey to white hairs 
on the upper ridge of the anepistemum; abdominal hairs black, occasionally with a white 
tuft on first two tergites ...................................................................................................... 5 
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5. Beard almost entirely black, occasionally white to grey on the posterior half; 
scutal hairs long ........................................................ leucothorax (Ricardo, 1900) trans.n. 
Beard uniformly grey to white; scutal hairs 
short ................................................................................ grisea (Jaennicke, 1867) trans.n. 
Distribution. South America. Found in the mountainous regions of Minas Gerais, 
Espirito Santo, Sao Paulo and Rio de Janeiro, South-eastern Brazil (Lessard et al. 2013; 
Coscar6n & Iide 2003). The distribution is further extended into the Atacama to Maule 
Provinces of Chile by the inclusion of the species previously belonging to the former 
subgenus Scaptia (Pseudoscione) ( see Remarks). 
Biology. Little is known regarding the feeding habit of the genus, although it appears to 
be blood-feeding since L. molesta and L. hibernus have both been reported to attack 
humans (Coscar6n & Iide 2003; Wilkerson & Coscar6n 1984). Larval stages are unknown 
for the genus. 
Remarks. Lepmia is hereby raised to genus level and accepted as a valid genus of the 
Scionini, based on the distinct morphology and firm genetic separation from all remaining 
Scionini (Figure 1 ). The revised genus now includes the species L. molesta, L. seminigra, 
in addition to L. atra (Chile), L. grisea (Chile), L. hibernus (Brazil) and L. leucothorax 
(Chile) that have been removed from their previous position within the former subgenus 
Scaptia (Pseudoscione) and reassigned to the newly revised Lepmia, based on the shared 
similarities of the distinct broad and flattened palpi, thick proboscis with reduced labella, 
densely haired scutum and stout robust abdomens. Wilkerson and Coscar6n (1984) 
alluded to L. hibernus as being closely related to Lepmia based on the coloration and 
1narkings on the scutum and abdomen. More species are desired for future molecular 
analysis to confirm the monophyly of the genus, since only one specimen of L. 
leucothorax was included in the current molecular phylogenetic hypothesis for the tribe 
(Lessard et al. 2013). 
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Parosca Enderlein, 1922, p. 338. Originally listed as monotypic for Pangonia viridiventris Macquart, 1838, 
Chile, in the key to the former subfamily Melpiinae and officially described sometime after by Enderlein 
(1925, p. 295). Krober (1930b, p. 127, 1932, p. 188). Reduced to a synonyn1 of Listrapha Enderlein, 1922 
by Krober (1934), although Listrapha was already considered a synonym of Parosca earlier by Krober 
(1930, p. 118). Both genera were eventually reduced to synonyms of Scaptia (Pseudoscione) by 
Mackerras (1955, p. 493) and was accepted by Fairchild (1956, p. 9; 1966a, p. 3); Wilkerson & Coscar6n 
(1984, p. 234); Coscar6n & Papavero (1993, 2009). 
Listrapha Enderlein, 1922, p. 338. Type Pangonia latipalpis Macquart, 1850, Chile, by original 
designation. Enderlein (1925, p. 278); Krober (1934). Reduced to a synonym of Parosca by Krober (1930, 
p. 118) and was further synonymised under Scaptia (Pseudoscione) by Mackerras (1955, p. 493). 
Accepted by Coscar6n & Papavero (1993, 2009); Fairchild (1956, p. 9; 1966a, p. 3); Wilkerson & 
Coscar6n (1984, p. 234 ). 
Type species. Pangonia viridiventris Macquart, 183 8 (Figure 14 ), Chile, by original 
designation of Enderlein (1922, p. 338). 
Morphological diagnosis. Medium-sized (11-16 mm) species, most similar to 
Pseudoscione sharing the conspicuously projecting face, diverging frons and long and 
slender proboscis, but distinguished by the broader build, the proboscis with slightly 
thicker labella, and the more extensively flattened palpi that are broad, triangular, dorsally 
rotated and slightly longer (Figure 14) than Pseudoscione. 
Female. Length 11-16 mm. Eyes hairy. Frons narrow or wide (index usually 1.9 to 3.2), 
strongly diverging, not obviously raised at centre, subcallus slightly bulging and distinct. 
Face strongly projecting and bulging at sides and base, occasionally partially shining. 
Antennae scape and pedicel small, equal to thickness of cylindrical flagellum, tapering at 
tip, with eight distinct flagellomeres without projections. Palpi relatively short, less than 
or occasionally equal to the length of the flagellum and less than one third the length of 
the proboscis shaft, broad and almost triangular, pointed at tip, rotated dorsally, 
extensively flattened, with a well-defined lateral bare area. Proboscis long, approximately 
one and a half times the length of the head, slender and heavily chitonised, usually with 
moderately developed labella, slightly wider than the proboscis shaft. Scutum hairy, with 
at least indications of vittae. Abdomen relatively stout and rounded at tip, without 
prominent markings. Wings smoky grey to brown; stigma inconspicuous; cell Rs usually 
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Figure 14: Parosca Enderlein, 1922 stat.n. , female of type species Pangonia viridiventris Macquart, 1838: 
(a) dorsum; (b) side; (c) frons; (d) profile (ANIC). 
open or narrowed, occasionally closed; cell M3 open; vein M1 without inflexion; vein R4 
curved or angulate, either with or without appendix (Enderlein 1925; Krober 1932). Cerci 
length approximately equal to width, with a rounded border, occasionally with the cerci 
curved laterally and at the distal boarder (Wilkerson & Coscar6n 1984). 
Male. Length 12-13 mm (of specimens examined). Hairier than females, generally with 
a more slender proboscis. Eyes holoptic, with -upper facets only slightly enlarged. Palpi 
short, subcylindrical, blunt and with reduced flat apical pits. Gonocoxite length 
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approximately equal to width at the base, with the epandrium subtrapezoidal with strongly 
curved cerci with a convexed boarder (Wilkerson & Coscar6n 1984 ). 
Species included. There are now three recognised species (Species List) of the newly 
revised genus Parosca (see Remarks). 
Key to females of South American species of the revised genus Parosca 
1. Abdomen dark brown to black, banded with pale posterior margins covered with 
pale grey hairs; scutal vittae conspicuous; legs dark red to 
brown ......................................................................... albifrons (Macquart, 183 8) trans.n. 
Abdomen yellowish-green to brown, unbanded, shining and occasionally 
darkening distally, hairs yellow to golden-brown, occasionally mixed with black; scutal 
vittae less obvious; legs pale yellow to brown .................................................................. 2 
2. Scutum pale green to yellowish-brown, concolorous to abdomen; abdominal hairs 
uniformly yellow to brown ............ ........................ viridiventris (Macquart, 183 8) trans.n. 
Scutum dark brown to black, sharply contrasting to abdomen; abdominal hairs 
golden yellow, with black hairs on the distal tergite 
only ........................................................... ................. latipalpis (Macquart, 1849) trans.n. 
Distribution. South America. Ranging from the Atacama to Chiloe Provinces of Chile 
(Lessard et al. 2013; Wilkerson & Coscar6n 1984). 
Biology. The genus appears to be both blood and nectar feeding, with Parosca 
viridiventris (Macquart, 1838) trans.n. attracted to humans and the Myrtaceous plant 
genus Luma (Lessard & Yeates 2012b; personal observation). Larval stages are unknown 
for the genus. 
Remarks. The taxonomy of the genus has been historically unclear, with Krober (1932) 
stating that Parosca was ill-defined by the excessive number of heterogeneous species 
and limited 1naterial available for examination. Furthermore, workers were unable to 
agree on which species to include in the genus; the type species Pr. viridiventris and 
Lepmia leucothorax and Lepmia grisea were included in both Enderlein ( 1925) and 
Krober's (1930b) versions of the genus, however, Pseudoscione dorsoguttata (Macquart, 
1850), Scaptia limbithorax (Macquart, 1855), Osca albithorax (Macquart, 1838) trans.n. 
and Osca varia (Walker, 1848) trans.n. were also included in Enderlein' s ( 1925) 
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definition of Parosca, but were replaced by Krober (1930b) with the species 
Pseudoscione vittata (Philippi, 1865) and Pseudoscione latipalpis (Macquart, 1849). 
Given this uncertainty, Krober (1930b) suggested that the genus might one day be 
resolved on the morphology of the pal pi, a character that has proven useful in the currently 
revised definition of the genus. 
Parosca is hereby reinstated as a valid genus of the Scionini, based on the distinct 
morphology, well-supported monophyly and firm genetic separation from all remaining 
Scionini (Figure 1 ). These results redefine the Parosca to include the species Parosca 
albifrons (Macquart, 193 8) trans.n., Parosca latipalpis (Macquart, 1849) trans.n. and 
Pr. viridiventris , which have been transferred from their previous position within the 
former subgenus Scaptia (Pseudoscione ), based on the shared similarities of the distinct 
broad build, the proboscis with considerably thick labella, and moderately flattened palpi 
that are somewhat wide, triangular and dorsally rotated. 
Genus PSEUDOSCIONE Lutz, 1918 stat.n. 
(Figure 15) 
Pseudoscione Lutz in Lutz, Araujo, and Fonseca, 1918, p. 167. Type species Diatomineura longipennis 
Ricardo, 1902, Brazil, 01iginally presented in a checklist of regional species without a description or 
statement that the genus was proposed as new, formally designated as the type species by Fairchild (1950, 
p. 124) and described by Mackenas (1955 , p. 493) . 
Listriosca Enderlein, 1922. Type species Pangonia australis (Philippi , 1865), Chile, by original 
designation. Reduced to a synonym of Scaptia (Pseudoscione) by Mackerras (1955 , p. 493) and 
confirmed by Fairchild (1956, p. 9, 1966a, p. 2). 
Listraphella Enderlein, 1929. Type species Listraphella schoenemanni Enderlein, 1929 (= Pangonia 
australis Philippi , 1865), Chile, by original designation. Reduced to a synonym of Scaptia (Pseudoscione) 
by Mackerras (1955 , p. 493) stating the only difference to Pseudoscione was the uninformative presence 
of a sh01i appendix to wing vein R4 . Fairchild (1956, p. 9, 1966a, p. 2); Wilkerson & Coscar6n (1984, p. 
21 7) 
Scaptia Walker, 1850, subgenus Pseudoscione (Lutz in Lutz, Araujo, and Fonseca, 1918). Coscar6n & 
Papavero (1993 , pp. 18, 63 , 2009 , pp. 9, 57); Fairchild (1969, p. 203); Lessard & Yeates 2012b; Mackerras 
(1955 , p. 493 , 1957, p. 586, 1960, p. 81 , 1964, p. 79) ; Wilkerson & Coscar6n (1984, p. 213); Wilkerson 
& Fairchild (1984, p. 45). 
Type species. Diatomineura longipennis Ricardo, 1902 (Figure 15), Brazil, by 
designation of Fairchild (1950, p. 124). 
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Figure 15: Pseudoscione Lutz, 1918 stat.n. , female of type species Diatomineura longipennis Ricardo, 
1902: (a) dorsum; (b) side; (c) frons; (d) profile (NHM). 
Morphological diagnosis. Small to medium-sized (8-15 length mm) stout species, with 
a strong resemblance to Scione exhibited in the pale markings along the sutures of the 
scutum, but distinguished by the open wing cell M3 (Figure 15). Distinguished from 
Parosca by the slightly smaller abdomen, short and thick palpi with a prominent deep 
lateral bare concavity, and proboscis with reduced labella equal to the width of the 
proboscis shaft. 
Female. Length 8-15 mm. Eyes hairy. Frons relatively wide (index usually 1.5 to 2.6), 
moderately diverging and hairy, flat at centre, subcallus slightly bulging and distinct. Face 
strongly projecting, only slightly bulging at base and sides, without shine. Antennal with 
small scape and pedicel, equal to the width of the cylindrical flagellum, tapering at tip, 
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with eight distinct flagellomeres without projections. Palpi short, less than the length of 
the flagellum and less than one third the length of the proboscis shaft, shape variable, 
usually broad and tapered with a deep well-defined bare lateral concavity. Proboscis long, 
at least one and a quarter times the head length, relatively slender, with small less 
developed labella that are generally only as wide as the proboscis shaft. Scutum with at 
least indications of vittae, sometimes exceeding transverse suture. Abdomen usually 
slender and ovular, only slightly narrowed distally, usually with indications of markings. 
Wings usually smoky, occasionally spotted on the crossveins; stigma inconspicuous; cell 
Rs usually open; cell M3 open; vein M1 without inflexion; R4 curved to angulate, with or 
without appendix. Female cerci usually truncate apically, length approximately equal to 
width, sometimes slightly wider than height, hind boarder convex or flat, genital furca 
shorter than above, usually strongly chitonised, with the eight stemite occasionally 
narrowed. (Coscar6n & Papavero 2009; Mackerras 1955, 1957, 1960; Wilkerson & 
Coscar6n 1984). 
Male. Length 11-12 mm. Eyes holoptic, with upper facets not obviously enlarged. Palpi 
subclylindrical, usually blunt or slightly pointed at end, hairy, with a reduced apical pit 
or bare area. Genitalia with gonocoxite never exceeding the width of the base, epandrium 
subtrapezoidal, with strongly curved cerci and convexed boarder (Wilkerson & Coscar6n 
1984). 
Species included. A valid key to all nine recognised species of Pseudoscione (Species 
List) was provided by Wilkerson and Coscar6n (1984) in the form of the previous 
subgenus Scaptia (Pseudoscione ), excluding the former species now transferred to the 
newly revised genera Lepmia (L. atra, L. grisea, L. hibernus and L. leucothorax) and 
Parosca (Pr. albifrons, Pr. latipalpis and Pr. viridiventris) (see Remarks). 
Distribution. South America. Predominantly Patagonian, ranging from the Atacama to 
Aisen Provinces of Chile and expanding eastwards to the Catamarca, Misiones Provinces 
and the southern Chubut Province of Argentina. The genus is also found in the Minas 
Gerais and Sao Paulo Regions of Brazil (Lessard et al. 2013; Wilkerson & Coscar6n 
1984). 
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Biology. Currently there are limited records for the feeding behaviour of the genus, 
although Ps. australis (Philippi, 1865) is known to attack humans and is a suspected 
blood-feeder (personal communication). Larval stages are unknown for the genus. 
Remarks. Pseudoscione is hereby reinstated as a valid genus of the Scionini, based on 
the distinct morphology, well-supported monophyly and firm genetic separation from all 
remaining Scionini (Figure 1 ). The revised genus now comprises nine species (presented 
in SI: Species List), as some species previously included in the former subgenus Scaptia 
(Pseudoscione) were reassigned herein to the newly revised genera Lepmia (L. atra, L. 
grisea, L. hibernus, and L. leucothorax) and Parosca (Pr. albifrons, Pr. latipalpis and Pr. 
viridiventris ), based on morphological similarities in the form of the palpi and proboscis 
(see relevant genera above). The type species Ps. longipennis is desired for future 
phylogenetic studies. 
Genus SC/ONE Walker, 1850 
(Figure 16) 
Scione Walker, 1850, p. 10. Originally monotypic for Pangonia incompleta Macquart, 1845, South 
America. Burger (2002 , p. 931 ); Cardenas et al. (2009) ; Chainey et al. ( 1994, pp. 326, 327); Coscar6n & 
Papavero (1993, pp. 18, 64, 2009, pp . 9, 58-59); Fairchild (1942, p . 184, 1953a, 1966b, p.355 , 1967a, p. 
92, 1969, p. 203, 1971 , p. 25); Krober (1930a); Mackerras (1955 , p. 486) ; Philip (1967, p. 111); Szilady 
(1926, p. 27); Wilkerson (1979); Wilkerson & Fairchild (1984, p. 45) . 
Diclista Schiner, 1867, p. 305. Monotypic for Pangonia incompleta Macquart, 1845, South America, by 
original designation. Synonymy by Fairchild (1942, p. 184); Mackerras (1955, p . 486) and Fairchild 
(1971, p. 25). 
Rhinotriclista Enderlein, 1922, p. 338. Type Diclisa maculipennis Schiner, 1868, Colombia, by original 
designation. Synonymised by Krober (1932) and accepted by Fairchild (1942, p. 184, 1971 , p. 25) and 
Mackerras (1955, p. 486). 
Type species. Originally monotypic for Pangonia incompleta Macquart, 1845 (Figure 
16), South America, by original designation of Walker (1850, p. 10). 
Morphological diagnosis. Rather small (length 9-16 mm) and slender uniformly mottled 
species, with an obviously projecting face, proboscis with small, undeveloped labella, 
strong scutal and abdominal vittae, slender legs, and wings with obvious cloudy markings 
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Figure 16: Scione Walker, 1850, female of type species Pangonia incompleta Macquaii, 1845: (a) 
dorsum; (b) side; (c) frons; (d) profile (NHM). 
on crossveins (Figure 16). Distinguished from Fidena and Pseudoscione by the smaller 
size and closure of the wing cells Rs and M3. 
Female. Length 9-16 mm (based on specimens examined). Eyes hairy. Frans wide (index 
usually 1.8 to 3.3), usually diverging although sometimes parallel, occasionally only 
slightly raised at centre, usually with a distinct subcallus that is somewhat projecting. 
Face moderate to considerably projecting or conical and without shine. Antennal scape 
and pedicel short, equal to the width of the cylindrical flagellum with eight distinct 
flagellomeres without projections. Palpi either-long, equal to the length of the flagellum, 
flat and extremely tapered, or short, less than the length of the flagellum, broad and leaf-
like, almost always less than a quarter the length of the proboscis, and with a distinct 
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lateral bare area. Proboscis long, greater than one and a quarter times the length of the 
head, sometimes longer than both the head and thorax, slender and heavily chitonised, 
with small, undeveloped labella, narrower than the proboscis shaft. Scutum usually 
heavily patterned with conspicuous scutal vittae exceeding the transverse suture. 
Abdomen ovular to slender, and narrowed at apices, usually with distinct markings or 
medial patches of white hairs. Wings generally smoky greyish to brown, usually spotted 
at cross veins, sometimes clear; stigma inconspicuous; cell Rs and M3 closed and 
generally petiolate, occasionally with vein M2 failing to touch the edge of the wing; vein 
M1 without inflexion; R4 curved to angulate, with or without appendix. Female genitalia 
with the furca usually without projections, although projections can occasionally be very 
small. (Fairchild 1942; Mackerras 1955; Coscar6n & Papavero 2009). 
Male. Smaller than females, length 11 mm (based on specimens examined). Eyes 
holoptic, with upper facets only slightly enlarged. Palpi hairy, subcylindrical and blunt at 
tip, with reduced apical pits. Mackerras (1955, p. 487) stated there is nothing informative 
in the male hypopygium although it is similar to Pseudoscione. 
Species included. The genus includes 41 recognised species (Species List). The 
diagnostic key to the species of Scione has not been updated since the work of Krober 
(1930a), which included only 25 known species at the time. Two smaller keys were also 
published by Szilady (1926) and Fairchild's (1942), including 19 and four species, 
respectively. 
Distribution. Central and South America. Ranging from Mexico, Guatemala and Panama 
to Colombia, Venezuela, Ecuador, Brazil, Peru, Bolivia and Argentina (Fairchild 1942; 
Lessard et al. 2013; Mackerras 1955). 
Biology. The genus appears to be blood-feeding, with Scione aurulans (Fairchild 1953a), 
Scione ablusus Fairchild, 1964 and Scione jlavohirta Ricardo, 1902 all recorded to feed 
on humans, with the latter also recorded to feed on cattle (Chainey et al. 1994; Fairchild 
1964). Larval stages are unknown for the genus. 
Remarks. Scione is accepted as a valid genus of the Scionini, based on the distinct 
morphology, well-supported monophyly and firm genetic separation from all remaining 
Scionini (Figure 1 ). The genus is considered to be a taxonomically difficult group, given 
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the large morphological uniformity of species and lack of useful descriptive characters 
and has not been formally revised in over 80 years. Fairchild (1942, p. 185) stated that 
Scione was in "great need of revision" as that the majority of earlier descriptions were 
"nearly worthless", and that the only attempt so far made by Krober (1930a) was 
unsuccessful. Moreover, the key to species strongly warrants updating and should include 
the recently described species that have accumulated since Krober's (1930a) work, as 
well as addressing any potential synonymies. Therefore, more extensive sampling of 
material, including the type species, is desired for future molecular phylogenetic and 
taxonomic studies of the genus. 
Genus FIDENA Walker, 1850 
(Figure 17) 
Fidena Walker, 1850, p. 8. Type Pangonia leucopogon Wiedemann, 1828, Brazil, by designation of 
Coquillett, 1910. Chainey et al. (1994, pp . 325 , 326); Fairchild (1941, p. 639, 1953b, p. 206 , 1966b, p.346, 
1967a, p. 85 , 1969, p. 203 , 1971 , p. 16); Krober (1933 , p. 238) ; Mackerras (1955 , p. 487); Philip (1967, 
p. 106); Wilkerson & Fairchild (1984, p. 45). 
Melpia Walker, 1850, p. 8. Type Pangonia fulvithorax Wiedemann, 1811 , Brazil, by designation of 
Coquillett, 1910. Synonymy suggested by Krober (1930b, p. 130, 1932, p. 187). Mackerras (1955) agreed 
upon examination of type species and affirmed that Fidena had priority. Fairchild (1956, p. 9). 
Erephopsis Rondani, 1863. Type Pangonia fulvithorax Wiedemann, 1811 , Brazil, by designation of 
Coquillett (1910). Synonymy by Mackerras (1955 , p . 487). 
Sackenimyia Bigot, 1879. Type Pangonia fulvithorax Wiedemann, 1811 , Brazil, by designation of 
Enderlein (1925). Synonymy by Mackerras (1955 , p. 487). 
Phaeoneura Lutz, 1909. Monotypic for Pangonia basilaris Wiedemann, 1828, Brazil. Synonymy by 
Enderlein (1925). 
?Bomby lopsis Lutz, 1909. Type Mycteromy ia nitens Bigot, 1892, Brazil, by designation of Fairchild 1950. 
Synonymy by Krober (1934) . Mackerras (1955 , p . 488). 
Epipsila Lutz, 1909. Type Epipsila erio,neroides Lutz, 1909, Brazil, be designation of Enderlein 1925. 
Synonymy by Enderlein (1925) . 
Jonopsis Lutz, 1909. Type Mycteromy ia nitens Bigot, 1892, Brazil, by designation of Enderlein 1925. 
Synonymy by Mackerras (1955 , p. 488). 
Neopangonia Lutz, 1909. Monotypic for Neopangonia pusilla Lutz, 1909, Brazil. Recognised as a 
subgenus of Fidena by Enderlein (1925) . 
Bomby lomy ia Lutz, 1911. Type Mycteromy ia nitens Bigot, 1892, Brazil, by designation of Fairchild (1950). 
Synonymy by Mackerras (1955 , p. 488). " 
Bomby lomorpha Lutz, 1911. Monotypic for Mycteromy ia nitens Bigot, 1892, Brazil, by designation of 
Fairchild (1950). Synonymy by Mackerras (1955, p. 488) . 
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Laphriomyia Lutz, 1911. Monotypic for Laphriomyia mirabilis Lutz, 1911 , Brazil. Synonymy by 
Mackerras (1955, p. 488) who stated its placement within Fidena was "not distinguishable from 
description". Recognised as a subgenus of Fidena by Fairchild (1966a, p. 2; 1971, p. 24). Coscar6n & 
Papavero (1993, pp. 19, 66, 2009, pp. 10, 61). 
Micropangonia Lutz, 1922. Type Neopangonia pusilla Lutz, 1909, Brazil, by designation of Fairchild 
(1950). Synonymy by Mackerras (1955 , p. 488). 
Leptofidena Krober, 1930b. Monotypic for Leptofidena beelzebul Krober, 1930b, Argentina, (= Pangonia 
morio Wulp, 1881), by original designation. Mackerras (1955, p. 458). Recognised as a subgenus of 
Fidena by Fairchild (1967, p. 249; 1969). 
Type species. Type species Pangonia leucopogon Wiedemann, 1828 (Figure 17), Brazil, 
by designation of Coquillett ( 1910). 
Morphological diagnosis. Medium to large (length 11-22 mm) stout species with a 
particularly produced snout-like and shining face, as well as an extremely long and 
slender proboscis with conspicuously reduced labella (Figure 17). Most similar to 
Pityocera, but distinguished by the larger size and antennal flagellum without obvious 
projections or prominent tufts of hair. Distinguished from Scione by the slender knife-
like pal pi and widely open wing cell M3. 
Female. Length 11-22 mm. Eyes hairy. Frons usually very narrow (index 1.9 to 5.1), 
parallel to slightly diverging, occasionally raised at centre, subcallus bulging and 
distinctly separate. Face conically produced, snout-like and shining. Antenna! scape and 
pedicel small, equal to the width of the flagellum, slender and cylindrical, with eight 
distinct flagellomeres without projections. Palpi usually long, equal to length of the 
flagellum and less than one third the length of the proboscis shaft, occasionally broad and 
shorter than the length of the flagellum, usually extremely slender, flattened, tapering and 
knife-like, with a slender lateral bare area, often rotated dorsally. Proboscis long, 
exceeding the length of both the head and thorax, sometimes longer than the entire body, 
not heavily chitonised, with small, undeveloped labella, narrower than the proboscis 
shaft. Scutum usually with at least indications of vittae, occasionally covered with dense 
hairs. Abdomen large and usually rounded, without distinct patterns or markings. Wings 
smoky greyish to brown; stigma inconspicuous; cell Rs usually closed or narrowed; cell 
M3 widely open; vein M1 without inflexion; vein R4 angulate with or without short 
appendix (Coscar6n & Papavero 2009; Mackerras 1955). Mackerras (1955, p. 489) 
described the genitalia as having the "hypopygium without distinctive characters; 
gonopophyses large and rounded; cerci rather truncate apically; caudal ends of 
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Figure 17: Fidena Walker, 1850, female of type species Pangonia leucopogon Wiedemann, 1828: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (NHM). 
spermathecal ducts slender, simple, moderately chitonised tubes, which can easily be seen 
by ordinary transmitted light". 
Male. Length 12 mm (based on specimens examined). Eyes large, very densely hairy, 
holoptic, with the upper facets only slightly enlarged. Palpi relatively short, cylindrical at 
base and slender, flat and tapered at tip, with a well-developed nan·ow bare apical area. 
Mackerras (1955, p. 489) stated the hypopygium was without distinctive features. 
Subgenera. The genus contains 99 described-- species and is further divided into four 
subgenera, including Fidena (Fidena) Walker, 1850 (94 spp.), Fidena (Laphriomyia) 
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Lutz, 1911 (3 spp.), Fidena (Leptofidena) Krober, 1930b (monotypic), and Fidena 
(Neopangonia) Lutz, 1909 (monotypic ). 
Distribution. Widespread in South America, predominantly Brazilian, with a smaller 
radiation into Central America (Coscar6n & Papavero 2009; Fairchild 1971; Lessard et 
al. 2013; Mackerras 1955). 
Biology. The genus is blood-feeding in nature, with Fidena (Fidena) trapidoi Fairchild, 
1953, Fidena (Fidena) trinidadensis Fairchild & Aitken, 1960, and Fidena (Fidena) 
rhinophora Bellardi, 1859 (under the synonym Fidena pyrausta Osten Sacken, 1886) all 
recorded to attack humans (Fairchild 1951, 1953b; Fairchild & Aitken 1960), and Fidena 
(Fidena) schildi (Hine, 1925) is known to feed on domestic pigs (Fairchild 1951 ). 
Curiously, one specimen of Fidena (Fidena) flavipennis Krober, 1931 (under synonym 
Fidena isthmiae Fairchild, 1941) was recorded to feed on a captive species of Boa 
(Fairchild 1941, p. 642) and is the only known record of reptile feeding for the tribe. 
Mackerras (1955) mentioned that Fairchild reported some species of Fidena to coil the 
labium within the head capsule to expose the shorter piercing mouthparts for feeding on 
what is assumed to be animals. He also draws a parallel to the feeding strategy of the 
Asian Pangoniinae genus Philoliche (Wiedemann, 1820), W'hich bends its labium to the 
side when blood-feeding. Although unrecorded, Fidena is expected to have a strong 
association with flower feeding of deep-throated flowers, similar to the Philolichini, given 
the significantly elongated and slender proboscis. Larval stages are currently unknown 
for the genus. 
Remarks. Fidena is accepted as a valid genus of the Scionini, based on the distinct 
morphology, well-supported monophyly and firm genetic separation from all remaining 
Scionini (Figure 1 ). A formal taxonomic revision of Fidena is strongly warranted, 
including the key to species which should be updated to accommodate the recently 
described and synonymised species since the outdated work ofKrober (1933; key to only 
48 species) and Fairchild (1941, 1953b; key to a maximum of nine species). 
Unfortunately, the phylogenetic relationships of the subgenera were not assessed in the 
current molecular phylogenetic hypothesis for the Scionini (Lessard et al. 2013), due to 
the limited sampling of species from the subgenus Fidena (Fidena). Therefore, more 
extensive sampling of each of the subgenera, including the type species, is required for 
future morphological and molecular studies. 
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Subgenus FIDENA Walker, 1850 
(Figure 17) 
Fidena Walker, 1850, p. 8. Type Pangonia leucopogon Wiedemann, 1828, Brazil, by designation of 
Coquillett, 1910. Chainey et al. (1994, pp. 325,326); Fairchild (1967a, p. 85-89, 1969, p. 203 , 1971 , p. 
16); Fairchild & Rafael (1985) ; Krober (1933, p. 238); Mackerras (1955, p. 487); Philip (1967, p. 106); 
Wilkerson & Fairchild (1984, p. 45). 
Melpia Walker, 1850, p. 8. Type Pangonia fitlvithorax Wiedemann, 1811 , Brazil, by designation of 
Coquillett, 1910. Synonymy by Krober (1930b, p. 130, 1932, p. 187) and adopted by Mackerras (1955) 
who agreed upon examination of type species and affirmed that Fidena had priority. 
Erephopsis Rondani, 1863. Type Pangonia fitlvithorax Wiedemann, 1811 , Brazil, by designation of 
Coquillett (1910). Synonymy by Mackenas (1955, p. 487). 
Sackenimyia Bigot, 1879. Type Pangonia fitlvithorax Wiedemann, 1811, Brazil, by designation of 
Enderlein (1925). Synonymy by Mackenas (1955, p . 487). 
Phaeoneura Lutz, 1909. Monotypic for Pangonia basilaris Wiedemann, 1828, Brazil. Synonymy by 
Enderle in ( 1925). 
?Bombylopsis Lutz, 1909. Type Mycteromyia nitens Bigot, 1892, Brazil, by designation of Fairchild 1950. 
Synonymy by Krober (1934). Mackenas (1955, p. 488). 
Epipsila Lutz, 1909. Type Epipsila eriomeroides Lutz, 1909, Brazil, be designation of Enderle in 1925. 
Synonymy by Enderlein (1925). 
Ionopsis Lutz, 1909. Type Mycteromyia nitens Bigot, 1892, Brazil, by designation of Enderlein 1925. 
Synonymy by Mackerras (1955, p. 488). 
Bombylomyia Lutz, 1911. Type Mycteromyia nitens Bigot, 1892, Brazil, by designation of Fairchild (1950). 
Synonymy by Mackenas (1955, p. 488). 
Bombylomorpha Lutz, 1911. Monotypic for Mycteromyia nitens Bigot, 1892, Brazil, by designation of 
Fairchild (1950). Synonymy by Mackenas (1955, p. 488). 
Fidena Walker, 1850, subgenus Fidena Walker, 1850. Type species Pangonia leucopogon Wiedemann, 
1828, Brazil, by designation of Coquillett, 1910. Reduced to subgenus by Fairchild (1969, p. 203, 1971, 
p. 17) and accepted by Burger (2002, p. 928); Cardenas et al. (2009); Chainey et al. (1994, p. 325); 
Coscaron & Papavero (1993, pp. 19, 68, 2009, pp. 10, 63-64); Wilkerson & Fairchild (1984, p . 45). 
Type species. Pangonia leucopogon Wiedemann, 1828 (Figure 17), Brazil, by 
designation of Coquillett ( 1910). 
Morphological diagnosis. Length 11-22 mm. Differentiated from other subgenera by the 
flattened palpi, frons without subcallus, scutum without strong vittae, femora and tibiae 
without conspicuously long hairs, and wings with cell Rs usually closed and without a 
✓ 
long petiole (Coscar6n & Papavero 2009). 
Species included. The subgenus includes 94 recognised species (Species List). 
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Distribution. Central and South America. Predominantly Brazilian, ranging from 
Colombia, Venezuela, Suriname and Ecuador to Peru, Bolivia, Paraguay, Un1guay, Chile 
and Argentina, with a smaller expansion into Panama, Costa Rica and Mexico (Mackerras 
1955; Coscar6n & Papavero 2009). 
Subgenus LAPHRIOMYIA Lutz, 1911 
Laphriomyia Lutz, 1911, p. 71. Originally monotypic for Laphriomyia mirabilis Lutz, 1911. Fairchild 
(1950, p. 122). 
Fidena Walker, 1850, subgenus Laphriomyia Lutz, 1911. Recognised as a subgenus of Fidena by Fairchild 
(1966a, p. 2). Chainey et al. (1994, pp. 325, 326); Coscar6n & Papavero (1993 , pp. 19, 66, 2009, pp . 10, 
61); Fairchild (1969, p. 203 , 1971 , p. 24); Wilkerson & Fairchild (1984, p. 45). 
Type species. Laphriamyia mirabilis Lutz, 1911, Brazil, by original designation. 
Morpholgical diagnosis. Coscar6n and Papavero (2009) indicated that the subgenus is 
distinguished by the femora and tibiae being densely covered in long and conspicuous 
hairs (Coscar6n & Papavero 2009, p. 10). 
Species included. There are three recognised species in the subgenus (Species List). 
Distribution. South America. Peru, Bolivia and Brazil (Coscar6n & Papavero 2009). 
Subgenus LEPTOFIDENA Krober, 1930 
Leptofidena Krober, 1930b, p. 134. Monotypic for Leptofidena beelzebul Krober, 1930b, (= Pangonia 
morio Wulp, 1881 ), Argentina, by original designation. Fairchild (1967b, p. 249); Mackerras (1955 , p. 
458). 
Fidena Walker, 1850, subgenus Leptofidena Krober, 1930b. Recognised as a subgenus of Fidena by 
Fairchild (1969, p. 204, 1971 , p. 25) and adopted by Coscar6n & Papavero (1993, pp. 19, 67, 2009, pp. 
10, 62). 
Type species. Monotypic for Leptafidena maria Wulp, 1881, Argentina, by original 
designation (under synonym Leptafidena beelzebul Krober, 1930b ). 
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Morphological diagnosis. This small (length 11 mm) monotypic subgenus is diagnosed 
by the thick, swollen and sometimes shining palpi with a deep lateral concavity, frons 
with a basal callus-like protuberance, scutum without strong vittae, and closure of the 
wing cell Rs with a long petiole (Coscar6n & Papavero 2009; Mackerras 1955). 
Species included. The subgenus is represented by the type species only (Species List). 
Distribution. South America. Northwest Argentina (Coscar6n & Papavero 2009). 
Subgenus NEOPANGONIA Lutz, 1909 
Neopangonia Lutz, 1909, p. 651. Monotypic for Neopangonia pusilla Lutz, 1909, Brazil, by original 
designation. 
Neopangonia Lutz, 1909, subgenus Micropangonia Lutz, 1922, p . 5. Type species Neopangonia pusilla 
Lutz, 1909, Brazil, by designation of Fairchild (1950, p. 123). Synonymised by Macken-as (1955, p. 488). 
Fidena Walker, 1850, subgenus Neopangonia Lutz, 1909. Recognised as a subgenus of Fidena by 
Enderlein (1925). Coscar6n & Papavero (1993, pp. 19, 65, 2009, pp. 9, 60); Fairchild (1969, p. 203, 1971, 
p. 24). 
Type species. Monotypic for Neopangonia pusilla Lutz, 1909, Brazil, by original 
designation. 
Morphological diagnosis. A small monotypic subgenus distinguished by the hairy face 
with many conspicuous long hairs, strongly patterned scutum with obvious vittae, and 
wings with cell Rs broadly open (Coscar6n & Papavero 2009). 
Species included. The subgenus is represented by the type species only (Species List). 
Distribution. South America. Southeastern Brazil (Coscar6n & Papavero 2009). 
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Pityocera Giglio-Tos, 1896. Originally monotypic for Pityocera festae Giglio-Tos, 1896, Panama. Krober 
(I 930c, p. 31 O); Chainey et al. (I 994, p. 326); Coscar6n & Papavero (1993 , 2009) ; Fairchild (1942, p. 
183, 1969, p. 203); Mackerras (1955 , p. 485); Wilkerson & Fairchild (1984, p. 45). 
Pseudelaphella Krober, 1930c, p. 305. Type species Pangonia nana Walker, 1850, Brazil, by original 
designation. Suppressed as a subgenus of Pityocera by Fairchild (1966b, p. 332; 1969, p. 203 , 1971 , p . 
27). 
Elaphella Bezzi, 1913 and Mackerras 1955, p. 486. Monotypic for Pangonia cervus Wiedemann, 1828, 
Brazil, by original designation. Provided as a replacement name for Dicrania Macquart, 1834 by 
Mackerras (1955, p. 486). Krober (1930c, p. 309). Suppressed as a subgenus of Pityocera by Fairchild 
(1969 , p. 204, 1971 , p. 27). 
Type species. Pityocera festae Giglio-Tos, 1896 (Figure 18), Panama, by original 
designation. 
Morphological diagnosis. Small to medium-sized (length 8-14 mm) concolorous brown 
species, with an obviously projecting and shining face, slender knife-like palpi, and 
proboscis equal to or greater than the length of the body, most similar to Fidena, but 
distinguished by the smaller size, antennal flagellum w:ith obvious projections or 
prominent tufts of hairs on one or more flagellomeres, and the inflexed curvature of the 
M1 wing vein (Figure 18). 
Female. Length 8-14 mm. Eyes hairy. Frons narrow (index usually 2.5 to 4.8), slightly 
diverging ventrally, flat at centre, with distinct projecting subcallus. Face conically 
produced and snout-like, conspicuously shining. Antennal scape and pedicel small, 
flagellum with obvious structural projections or tufts of conspicuous hairs on one or more 
of the seven to eight distinct flagellomeres, sometimes with the apical two flagellomeres 
fused. Pal pi long, equal to the length of the flagellum, narrow and extre1nel y tapered, 
almost knife-like, with a flat slender bare area that is dorsally rotated. Proboscis long, 
exceeding the length of both the head and thorax, sometimes longer than the entire body, 
not heavily chitonised, with a small undeveloped labellum that is narrower than the 
proboscis shaft. Scutum with at least indications of vittae. Abdomen ovular and rounded 
at end, without prominent markings. Wings smoky brown; stigma inconspicuous; cell Rs 
closed, with exceedingly long petiole; cell M3 widely open; vein M1 with an inflexion or 
anterior bending towards vein Rs; R4 angulate to curved, without appendix. Female genital 
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Figure 18: Pityocera Giglio-Tos, 1896, female of type species Pityocera festae Giglio-Tos, 1896: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (NHM). 
furca with basal projection, hypopygium indistinctive (Fairchild 1942, 1969; Mackerras 
1955; Coscar6n & Papavero 2009). 
Male. Length 11-13 mm. Eyes holoptic, with upper facets slightly enlarged. Palpi short, 
cylindrical at base, remainder slender and flat, with a distinct lateral flat bare area. 
Genitalia are unrecorded. 
Subgenera. The genus contains five described species and is further divided into three 
subgenera, including Pityocera (Pityocera) Giglio-Tos, 1896 (monotypic ), Pityocera 
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(Elaphella) Bezzi, 1913 (monotypic ), and Pityocera (Pseudelaphella) Krober, 1930c (3 
spp.). 
Distribution. Central and northern South America (Coscar6n & Papavero 2009; Lessard 
et al. 2013). 
Biology. The genus is blood-feeding, with Pityocera (Pityocera)festae Giglio-Tos, 1896 
recorded to feed on humans (Fairchild 1942). Larval stages are unknown for the genus. 
Remarks. Pityocera is accepted as a valid genus of the Scionini, based on the distinct 
morphology and strong genetic divergence from all remaining Scionini (Figure 1 ). The 
current molecular phylogenetic hypotheis for the tribe confirms the placement of 
Pityocera within the Scionini (Lessard et al. 2013), instead of in a separate tribe as 
previously proposed by Krober (1932) . Unfortunately, the phylogenetic relationships of 
the subgenera for the genus are unknown due to the li1nited sampling of taxa, as only one 
species was included in the current molecular analysis. Therefore, more extensive 
sampling of the subgenera of Pityocera, including the type species, is desired for future 
morphological and molecular studies. 
Subgenus PITYOCERA Giglio-Tos, 1896 
(Figure 18) 
Pityocera Giglio-Tos, 1896. Monotypic for Pityocera f estae Giglio-Tos, 1896, Panama, by original 
designation. Enderlein (1922, p. 339); Krober (1930c, p. 31 0) ; Fairchild (1942); Mackerras (1955 , p. 
485) ; Coscar6n & Papavero (1993 , 2009). 
Pityocera Giglio-Tos, 1896, subgenus Pityocera Giglio-Tos, 1896. Suppressed as a subgenus of Pityocera 
by Fairchild (1942, p. 183 , 1969, p. 203 , 1971 , p . 27) and accepted by Cardenas et al. (2009) ; Coscar6n 
& Papavero (1993 , pp . 19, 71 , 2009, pp. 10, 65). 
Type species. Monotypic for Pityocera festae Giglio-Tos, 1896 (Figure 18), Panama, by 
original designation. 
Morphological diagnosis. Length 12 mm. Diagnosed by the first six antennal 
flagellomeres with long projections on both the dorsal and ventral surfaces, noticeably 
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decreasing in size, with a shortened seventh flagellomere often fused to the eighth which 
is longer and finger-like (Coscar6n & Papavero 2009). 
Species included. The subgenus is represented by the type species only (Species List). 
Distribution. Central and South America. Panama to Ecuador (Mackerras 1955; 
Coscar6n & Papavero 2009). 
Subgenus ELAPHELLA Bezzi, 1913 
Dicrania Macquart, 1834. Type species Pangonia cervus Wiedemann, 1828, Brazil, by original 
designation. Preoccupied name of Lepeletier and Serville, 1828 (Mackerras 1955). 
Elaphella Bezzi, 1913. Monotypic for Pangonia cervus Wiedemann, 1828, Brazil, by original designation. 
Provided as a replacement name for Dicrania Macquart, 1834 (Mackerras 1955, p. 486). Krober (1930c, 
p. 309). 
Diplocus Blanchard, 1845. Proposed to replace Macquart's preoccupied name for Dicrania Macquart, 
1834, as Mackerras (1955, p. 486) stated that this genus should have had priority if it were not for the 
oversight of the well-used name Ellaphella and was consequently suppressed. 
Dicranomyia Hunter, 1900, misapplied name of Stephens (1829) and proposed to replace Macquart's 
preoccupied name for Dicrania Macquart, 1834 (Mackerras 1955). 
Allodicrania Enderlein, 1913. Proposed to replace Macquart's preoccupied name for Dicrania Macquart, 
1834 (Mackerras 1955). 
Stichocera Hine, 1920. Proposed to replace Macquart's preoccupied name for Dicrania Macquart, 1834 
(Mackerras 1955). 
Pityocera Giglio-Tos, 1896, subgenus Elaphella Bezzi, 1913. Suppressed as a subgenus of Pityocera by 
Fairchild (1969, p. 204, 1971 , p. 27) and accepted by Cardenas et al. (2009); Chainey et al. (1994, p. 
326); Coscar6n & Papavero (1993, pp. 19, 70-71, 2009, pp. 10, 66); Wilkerson & Fairchild (1984, p. 45). 
Type species. Monotypic for Pangonia cervus Wiedemann, 1828, Brazil, by original 
designation of Bezzi (1913). 
Morphological Diagnosis. Length 12-14 mm. Similar to Pityocera (Pityocera) but 
differentiated by the long projections limited to the dorsal surface of the second to sixth 
antennal flagellomeres, with the first flagellomere long, forwardly projecting and finger-
like, the remainder of flagellomere projections smaller and decreasing in size towards tip, 
with the seventh and eight flagellomeres fused (Mackerras 1955; Coscar6n & Papavero 
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2009). Mackerras (1955) also mentioned the presence of a stump vein on the M1 on the 
wing. 
Species included. The subgenus is represented by the type species only (Species List). 
Distribution. South America. Predominantly northern, ranging from Suriname and 
French Guiana to Brazil and Peru (Mackerras 1955; Coscar6n & Papavero 2009). 
Subgenus PSEUDELAPHELLA Krober, 1930 
Pseudelaphella Krober, 1930c, p. 305. Type species Pangonia nana Walker, 1850, Brazil, by original 
designation. 
Pityocera Giglio-Tos, 1896, subgenus Pseudelaphella Krober, 1930c. Recognised as a subgenus of 
Pityocera by Fairchild (1966b, p. 332; 1969, p. 203, 1971, p. 27). Cardenas et al. (2009); Chainey et al. 
(1994, p. 326); Coscar6n & Papavero (1993, pp. 19, 70-71, 2009, pp. 10, 65). 
Heteroscena Campos, 1952, p. 104. Type species Pangonia nana Walker, 1850, synonymised by Fairchild 
(1971 , p. 28). 
Type species. Pangonia nana Walker, 1850, Brazil, by original designation of Krober 
(1930c ). 
Morphological Diagnosis. Length 8-12 mm. A distinct group defined by the antennal 
flagellum with an enlarged first flagellomere with a conspicuous dense tuft of hair, 
without obvious structural projections (Coscar6n & Papavero 2009). 
Species included. The subgenus includes three recognised species (Species List). 
Distribution. South America. Predominantly occurring in the Amazon basin, including 
Ecuador, Brazil and Bolivia (Coscar6n & Papavero 2009). 
Tribe GONIOPSINI Lessard, tribe.n. 
Type genus. Goniops Aldrich, 1982, by present designation (Figure 19). 
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Figure 19: Goniops Aldrich, 1892, female of type species Pangonia chrysocoma Osten-Sacken, 1875: (a) 
dorsum; (b) side; (c) frons; (d) profile (ANIC) . 
Morphological diagnosis. A medium-size (12-14 mm), monotypic tribe represented by 
the single N earctic species Goniops chrysocoma Osten-Sacken, 187 5. Most similar to the 
Pangoniini and Philolichini, sharing the bare eyes and presence of a strong appendix on 
wing vein R4. Eyes of the males holoptyic, and females possessing an extremely wide 
frons (index approaching 1.0) vvith a callus, face sunken, palpi without a definitive lateral 
bare concavity or apical pit, proboscis conspicuously reduced, and wings with a 
prominent brown radial staining (Figure 19). Both the male and female genitalia are 
similar to the Scionini, with the male hypopygium finger-like (Mackerras 1955, fig. 22, 
p. 483). 
Distribution. Nearctic only. Restricted to the eastern coast of the United States of 
America. 
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Genus GONIOPS Aldrich, 1892 trans.n. 
(Figure 19) 
Goniops Aldrich, 1892, p. 236. Mackerras 1955, 1960. Monotypic for Goniops hippoboscoides Aldrich, 
1982 (= Pangonia chrysocoma Osten-Sacken, 1875), USA, by original designation. Brennan (1935 , p . 
368); Mackerras (1955, p. 483); Stone (1930, p. 293). 
Type species. Monotypic for Goniops hippoboscoides Aldrich, 1982 (= Pangonia 
chrysocoma Osten-Sacken, 187 5; Figure 19), USA, by original designation. 
Morphological diagnosis. A medium-size (12-14 mm), concolorous pale golden-brown 
monotypic genus with bare eyes, prominent, brown radially stained wings, distinguished 
from the Scionini by the small head, extre1nely wide frons with a prominent callus, sunken 
face, palpi without a definitive bare lateral concavity or apical pit, and conspicuously 
reduced proboscis (Figure 19). 
Female. Length 12-14 mm. Ocelli present. Eyes bare. Head small, just over half the width 
of the scutum. Frons extremely wide, width usually greater than height (index 0.7 to 1.0), 
diverging, with a rudimentary callus, subcallus somewhat distinct, projecting and shining. 
Face extremely truncate, almost sunken near parafacials, shining . Antennal scape and 
pedicel small, equal to the width of the short and cylindrical flagellum, with eight distinct 
flagellomeres without projections. Palpi long, exceeding the length of the flagellum and 
equal to the length of the proboscis shaft, subcylindrical, tapering and hairy, without a 
lateral bare area or concavity, instead with a bare inner ridge. Proboscis extremely short, 
less than three quarters the head length, with large well-developed labella that are wider 
than the proboscis shaft. Scutum with at least traces of vittae. Abdomen short, wide and 
rotund, without distinct markings. Wings with pale brown radial staining; stigma 
inconspicuous; cells Rs and M3 open; vein R4 curved to angulate, with strong appendix; 
M1 vein without inflexion. Male and female genitalia without distinguishing features from 
remaining Scionini (Mackerras 1955). 
Male. Smaller than females (length 10- 12 mm). Eyes holoptic, with upper facets only 
slightly enlarged. Palpi more slender than females, cylindrical, hairy and without lateral 
concavity or apical pit. 
Species included. The genus is represented by the type species only (Species List). 
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Distribution. Eastern United States of America, ranging from New York to Virgina, 
expanding westwards to Arkansas (Brennan 1935; Lessard et al. 2013; Mackerras 1955). 
Stone (1930) reported that the genus was also present in Florida but did not provide any 
further location data. 
Biology. Adult females apparently do not feed on blood (Mackerras 1955) and are 
suspected nectar-feeders. Females have been witnessed depositing eggs on the underside 
of leaves and are watched over for several days before hatching, when the larvae fall to 
the ground and develop in the soil and plant debris (Mackerras 1955). According to 
Mackerras (1955), the larvae and pupa are morphologically similar to those of Scaptia. 
Remarks. Goniops is hereby removed from the Scionini and placed within the novel tribe 
Goniopsini Lessard, tribe.n., based on the distinct morphology of the genus, in addition 
to the well-supported monophyly of the monotypic species and strong genetic divergence 
from the Scionini and other tribes in the Pangoniinae (Figure 1 ). 
Tribe MYCTEROMYIINI Coscar6n & Philip, 1979 
Morphological diagnosis. A valid description of the tribe was provided by Coscar6n 
and Philip (1979, p. 429). 
Genus CAENOPANGONIA Krober, 1930 trans.n. 
(Figure 20) 
Caenop angonia Krober, 1930b, p. 134. Type species Diatomineura hirtipalpis Bigot, 1892, Chile, by 
original designation. Coscar6n & Philip (1979, p . 446); Coscar6n & Papavero (1993 , pp . 17, 60, 2009, 
pp . 9, 52). 
Type species. Diatomineura hirtipalpis Bigot, 1892 (Figure 20), by original designation 
ofKrober (1930b). 
, 
Morphological diagnosis. Small to medium (length 9-14 mm) yellowish-brown species, 
with dichoptic eyes in both sexes, strong scutal vittae, spotting on the crossveins of the 
wing, conspicuously widened frons, and small, subcylindrical palpi with reduced apical 
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Figure 20: Caenopangonia Krober, 1930, female of species Mycteromyia brevirostris Philippi, 1865: (a) 
dorsum; (b) side; ( c) frons; ( d) profile (SI). 
pits (Figure 20). According to Coscar6n and Philip (1979) this genus is distinguished 
from other members of the Mycteromyiini only by the less elongated thorax, wings and 
fore legs, and presence of the palps reduced apical pit. 
Female. Length 11.5-14 mm. Eyes bare. Three distinct ocelli present. Frons extremely 
wide, width approximately equal to height (index 0.9), convex, diverging at dorsal and 
ventral margins, without obvious callus or transverse suture separating it from the 
subcallus. Face conspicuously truncate, almost sunken with a slight basal depression, 
without shine or obvious transverse suture to distinguish it from the bulging subcallus. 
Antennal scape and pedicel small, equal to the length of the tapering flagellum, divided 
into eight distinct flagellomeres without projections. Palpi small, approximately equal to 
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half the length of the flagellum and less than a quarter times the length of the proboscis 
shaft, cylindrical and rounded, with a reduced apical pit. Proboscis long, greater than one 
and a half times the length of the head, slender and chitonised, with small, weakly 
developed labella that are only slightly wider than the proboscis shaft. Scutum with 
conspicuous vittae exceeding the length of the transverse suture. Hind tibial spurs present. 
Abdomen elongated and narrowed, without distinct markings. Wings with clouds on 
crossveins; stigma inconspicuous; cell Rs closed with petiole; cell M3 open; vein M1 
without obvious inflexion; vein R4 angulate, with an obvious appendix (Krober 1930b; 
Coscar6n & Philip 1979). Coscar6n and Philip (1979) stated that the genitalia were 
similar to the Pangoniini, having boulbous distal spermathecal ampullae that were not 
chitonised, and distinctly wide caudal ducts of the spermathecae. 
Male. Length 9-13 mm. Eyes dichoptic, with upper facets not enlarged. Palpi long, with 
first segment equal to or greater than the length of the second, cylindrical, without obvious 
apical pit or bare area. Genitalia were described by Coscar6n and Philip (1979, p. 446) as 
having "flagella and aedeagus with round to elongate apodeme; dististyli subcylindrical, 
apically rounded or truncate in form of two small lobes". 
Species included. A key to the three known species (Species List) was provided by 
Coscar6n & Philip (1979, p. 450). 
Distribution. South America. Predominantly Patagonian, ranging from the Nuble to 
Osorno regions of Chile and the Neuquen region of Argentina (Coscar6n & Philip 1979). 
Biology. Nothing is known regarding the feeding and larval habits for the genus. 
Remarks. Caenopangonia is hereby re1noved from the Scionini and reassigned to the 
more closely related tribe Mycteromyiini based on the distinct morphology of the genus. 
On an English translation of Krober (1930b; deposited in the ANIC), Mackerras noted 
that Caenopangonia "reads like a Mycteromyia with a short proboscis" and therefore 
reduced Caenopangonia to a synonym of Mycteromyia Philippi, 1865 (Mackerras 1955, 
p. 483), which was accepted by Fairchild (1971, p. 12). Despite this, Coscar6n and Philip 
(1979, p. 427) resurrected Caenopangonia and ✓"questionably retained" the genus -within 
the Scionini. Morphological exmaination reveals minor differences between 
Caenopangonia and the Mycteromyiini; Coscar6n and Philip (1979, p. 450) stated the 
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Caenopangonia differed only in the "thorax, wings, and fore legs [being] not unusually 
elongated" like in the Mycteromyiini, which can be interpreted as typical intratribal 
variation among genera. In contrast, the differences between Caenopangonia and the 
Scionini are vastly greater, as Caenopangonia is distinguished by the dichoptic eyes in 
the male, females with extremely wide and densely haired frons appearing to merge with 
the subcallus due to the lack of a distinct transverse suture, as well as the sunken face, 
exceptionally strong scutal vittae, and elongated abdomen with rigid cuticle. Furthermore, 
the genitalia of Caenopangonia are more reminiscent of the Pangoniini, which were 
recovered as sister to the Mycteromyiini in the current molecular phylogenetic hypothesis 
for the Scionini (Lessard et al. 2013). Therefore, more extensive material of 
Caenopangonia, including the type species, is desired for future molecular studies. 
DISCUSSION 
The taxonomy and classification scheme for the austral horse fly tribe Scionini was 
successfully revised. This study facilitated the comprehensive redescription and 
validation of all genera, as more stable and robust concepts of genera were provided, 
especially for those that had historically suffered from poor taxonomic treatment. Several 
species previously belonging to the former subgenus Scaptia (Pseudoscione) were also 
reassigned to the newly revised genera of Lepmia (L. atra, L. grisea, L. hibernus and L. 
leucothorax) and Parosca (Pr. albifrons, Pr. latipalpis and Pr. viridiventris). 
Morphological examination also advocated the removal of the distinct genera 
Caenopangonia Krober, 1930 trans.n. and Goniops Aldrich, 1892 trans.n. from the 
Scionini, which were formally reassigned to the more appropriate tribes Mycteromyiini 
and Goniopsini Lessard tribe.n., respectively. The Scionini are now defined to include 
seventeen genera, including Anzomyia Lessard, gen.n., Aotearomyia Lessard, gen.n., 
Apocampta Schiner, 1867 stat.n., Copidapha Enderlein, 1922 stat.n., Fidena Walker, 
1850, Lepmia Fairchild, 1969 stat.n., Myioscaptia Mackerras, 1955 stat.n., Osca Walker, 
1850 stat.n., Palimmecomyia Taylor, 1917 stat.n., Parosca Enderlein, 1922 stat.n., 
Pityocera Giglio-Tos, 1896, Plinthina Walker, 1850 stat.n., Pseudomelpia Enderlein, 
1922 stat.n., Pseudoscione Lutz, 1918 stat.n., Scaptia Walker, 1850, Scione Walker, 
1850 and Triclista Enderlein, 1922 stat.n. 
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Future taxonomic studies would benefit from more extensive sampling of the South 
American genera, in particular Fidena, Pityocera and Scione, which possess strong 
morphological uniformity and outdated diagnostic keys that exclude multiple recently 
described and synonymised species. More genetic sampling of the genus Lepmia is also 
desired as the current phylogenetic hypothesis of the tribe includes only one specimen 
from a single species in the genus. Larval and pupal stages are unknown for the majority 
of genera of the Scionini and are only rudimentarily described for Aotearomyia Lessard, 
gen.n., Copidapha, Myioscaptia, Osca and Scaptia. Although the limited availability of 
collected material has hindered the development of a thorough diagnosis of these stages, 
the immatures may provide a potential suite of putatively informative characters for future 
phylogenetic studies. 
Species List: List of genera, subgenera and species of the austral horse fly tribe Scionini. Asterisks indicate 
specimens physically examined by author; dagger indicates type species. AU: Australia; CA: Central 
America; PNG: Papua New Guinea; SA: South America; USA: United States of America. 
SCIONINI Enderlein, 1922 
Anzomyia Lessard, 2012 (n=4) 
An. anomala (Mackenas, 1960) t* [AU] 
An. ch1y somallis Lessard, 2012* [AU] 
An. herculensis Lessard, 2012* [NZ] 
An. p egasus Lessard, 2012* [AU] 
Aotearomyia Lessard, gen.n. (n=6) 
Ao. adrel (Walker, 1850) t* trans.n. [NZ] 
Ao. brevipalpis (Krober, 1931)* trans.n. [NZ] 
Ao. lerda (Walker, 1850)* trans.n. [NZ] 
Ao. ,nontana (Hutton, 1901)* trans.n. [NZ] 
Ao. milleri (Mackenas, 1957)* trans.n. [NZ] 
Ao. ricardoae (Hutton, 1892)* trans.n. [NZ] 
Apoca,npta Schiner, 1867 stat.n. (n=l) 
Ap . subcana (Walker, 1848) t* [AU] 
Copidapha Enderlein, 1922 stat.n. 
(n=43) 
The clavata group 
C. clavata (Macquart, 1838)* [AU] 
C. orientalis (Mackenas , 1960)* [AU] 
C. gemina (Walker, 1848)* [AU] 
The maculiventris group: 
The maculiventris subgroup 
C. auripleura (Taylor, 1917)* [AU] 
C. bicolorata (Taylor, 1918)* [ AU] 
C. calabyi (Mackenas, 1960)* [AU] 
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C. georgii (Taylor, 1918)* [AU] 
C. guttipennis (Ferguson, 1924)* [AU] 
C. maculiventris (Westwood, 1835)* [AU] 
C. neotricolor (Taylor, 1918)* [AU] 
C. occidentalis (Mackenas, 1960)* [AU] 
C. regisgeorgii (Taylor, 1918)* [AU] 
C. rufonigra (Ferguson, 1921)* [AU] 
C. subappendiculata (Macquart, 1850)* [AU] 
C. subcontigua (Ferguson, 1921 )* [AU] 
C. testaceomaculata (Macquart, 1850)* [AU] 
C. xanthopilis (Ferguson, 1921)* [AU] 
C. albibarba (Schuunnans & Stekhoven, 1926)* 
[PNG] 
C. unilineata (Oldroyd, 194 7) [PNG] 
The concolor subgroup 
C. aureohirta (Ricardo, 1900)* [AU] 
C. baylessi (Lessard, 2012)* [AU] 
C. casseli (Lessard, 2012)* [AU] 
C. concolor (Walker, 1850)* [AU] 
C. lasiophthalma (Macquaii, 1834)* [AU] 
C. moritae (Lessard, 2012)* [AU] 
C. neoconcolor (Mackenas, 1960)* [AU] 
C. quadrimacula (Walker, 1848)* [AU] 
C. roei (Macleay, 1826) .!.* [ AU] 
C. turcatelae (Lessard, 2012)* [AU] 
C. turneri (Lessard, 2012)* [AU] 
C. wiegmanni (Lessard, 2012)* [AU] 
C. auripilosa (Oldroyd, 194 7)* [PNG] 
C. oernhardi (Oldroyd, 194 7) [PNG] 
C. caliginosa (Walker, 1865)* [PNG] 
C. flavibarbis (Oldroyd, 1949) [PNG] 
C. floccosa (Oldroyd, 194 7)* [PNG] 
C. insularis (Oldroyd, 194 7)* [PNG] 
C. leonina (Oldroyd, 1947)* [PNG] 
C. novaeguineensis (Ricardo, 1913) [PNG] 
C. taylori (Oldroyd, 194 7)* [PNG] 
The vicina group 
C. vicina (Taylor, 1918)* [AU] 
Unplaced species 
C. ianthina (White, 1915) [AU] 
C. mackerrasi (Lessard, 2012)* [AU] 
Fidena Walker, 1850 (n=99) 
Subgenus Fidena Walker, 1850 (n=94) 
F. (F.) abominata Philip, 1941 [SA] 
F. (F.) adnaticornis Castro, 1945 [SA] 
F. (F.) albibarba Enderlein, 1925* [CA, SA] 
F. (F.) albitaeniata (Lutz, 1911) [SA] 
F. (F.) anal is (Fabricius, 1805) [SA] 
F. (F.) atra Lutz & Castro, 1936 [SA] 
F. (F.) atripes (Roder, 1886)* [SA] 
F. (F.) aureopygia Krober, 1931 [SA] 
F. (F.) aureosericea Krober, 1931 [SA] 
F. (F.) auribarba (Enderlein, 1925) [CA, SA] 
F. (F.) auricincta (Lutz & Neiva, 1909) [SA] 
F. (F.) aurifasciata Enderlein, 1925 [SA] 
F. (F.) aurimaculata (Macquart, 1838) [SA] 
F. (F.) auripes (Ricardo, 1900)* [SA] 
F. (F.) aurulenta Gorayeb, 1986 [SA] 
F. (F.) basilaris (Wiedemann, 1828) [SA] 
F. (F.) bicolor Krober, 1930 [CA] 
F. (F.) bistriga Fairchild & Rafael, 1985 [SA] 
F. (F.) bocainensis (Lutz & Castro, 1936) [SA] 
F. (F.) brachycephala Krober, 1931 * [SA] 
F. (F.) brasiliensis Krober, 1931 [SA] 
F. (F.) brevistria (Lutz, 1909) [SA] 
F. (F.) callipyga Castro, 1945 [SA] 
F. (F.) campolarguense Azevedo de Bassi, 1997 
[SA] 
F. (F.) castanea (Perty, 1833)* [SA] 
F. (F.) castaneiventris Krober, 1934 [SA] 
F. (F.) coscar6ni Philip, 1969 [SA] 
F. (F.) decipiens Krober, 1931 * [SA] 
F. (F.) eriomera (Macquart, 1838) [SA] 
F. (F.) eriomeroides (Lutz, 1909)* [CA, SA] 
F. (F.) erythronotata (Bigot, 1892)* [SA] 
F. (F.)fisheri Philip, 1978 [CA] 
F. (F.)flavicrinis (Lutz, 1909)* [SA] 
F. (F.) flavipennis Krober, 1931 * [CA, SA] 
F. (F.)flavithorax (Krober, 1930) [SA] 
F. (F.) florisuga (Lutz, 1911) [SA] 
F. (F.) foetterlei (Lutz, 1909) [SA] 
F. (F.)freemani Barretto, 1957* [SA] 
F. (F.)fitlgifascies Barretto, 1957* [SA] 
F. (F.) fitlvithorax (Wiedemann, 1821) [SA] 
F. (F.)fitlvitibialis (Ricardo, 1900) [SA] 
F. (F.)fitmifera (Walker, 1854)* [SA] 
F. (F.)fitsca(Thunberg, 1827)* [SA] 
F. (F.) griseithorax Burger, 2002 [CA] 
F. (F.) haywardi Philip, 1967 [SA] 
F. (F.) howardi Fairchild, 1941 * [CA] 
F. (F.) latifrons Krober, 1930 [SA] 
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F. (F.) leonina Lutz, 1909* [SA] 
F. (F.) leucopogon (Wiedemann, 1928) t * [SA] 
F. (F.) lingens (Wiedemann, 1928) [SA] 
F. (F.) lissorhina Gorayeb & Fairchild, 1987 
[SA] 
F. (F.) longipalpis Enderlein, 1925* [SA] 
F. (F.) loricornis Krober, 1931 * [SA] 
F. (F.) maculipennis Krober, 1931 [SA] 
F. (F.) marginalis (Wiedemann, 1830)* [SA] 
F. (F.) mattogrossensis (Lutz, 1912)* [SA] 
F. (F.) neglecta Krober, 1931 * [SA] 
F. (F.) nigricans (Lutz, 1909)* [SA] 
F. (F.) nigripennis (Guerin-Meneville, 1832) 
[SA] 
F. (F.) nigripes (Roder, 1886)* [SA] 
F. (F.) nigrivittata (Macquart, 1850) [SA] 
F. (F.) nitens (Bigot, 1892)* [SA] 
F. (F.) niveibarba Krober, 1931 [SA] 
F. (F.) nubiapex (Lutz, 1911) [SA] 
F. (F.) obscuripes Krob er, 1931 [SA] 
F. (F.) ochracea (Krober, 1930)* [SA] 
F. (F.) ochrapogon Wilkerson, 1979 [SA] 
F. (F.) oldroy di (Barretto, 1957) [SA] 
F. (F.) opaca (Brethes, 1910)* [SA] 
F. (F.) pallidula Krober, 1933* [SA] 
F. (F.) penicillata (Bigot, 1892)* [SA] 
F. (F.) pessoai Barretto, 1957 [SA] 
F. (F.) philipi Coscar6n, 2001 [SA] 
F. (F.) p seudoaurimaculata (Lutz, 1909)* [SA] 
F. (F.)pubescens (Lutz , 1909)* [SA] 
F. (F.) rhinophora (Bellardi, 1859)* [CA, SA] 
F. (F.)rubrith oraxKrober, 1931 [SA] 
F. (F.) rufzbasis Krober, 1931 [SA] 
F. (F.) ruficornis (Krob er, 1931) [SA] 
F. (F.) rufohirta (Walker, 1848)* [SA] 
F. (F.) schildi (Hine, 1925)* [CA, SA] 
F. (F.) silvatica Brethes, 1920 [SA] 
F. (F.) soledadei (Lutz, 1911) [SA] 
F. (F.) sorbens (Wiedemann, 1828)* [SA] 
F. (F.) splendens (Lutz, 1911) [SA] 
F. (F.) submetallica (Brethes , 1910) [SA] 
F. (F.) sulfitrea Wilkerson, 1979* [SA] 
F. (F.) tenuistria (Walker, 1848) [SA] 
F. (F.) trapidoi Fairchild, 1953 * [CA] 
F. (F.) trinidadensis Fairchild & Aitken, 1960* 
[SA] 
F. (F.) vallensis Wilkerson, 1979 [SA] 
F. (F.) venosa (Wiedemann, 1821) [SA] 
F. (F.) winthemi (Wiedemann, 1819)* [SA] 
F. (F.) zonal is Krober, 1931 * [SA] 
Subgenus Laphriomyia Lutz, 1911 (n=3) 
F. (La.) kroeberi Krober, 1931 [SA] 
F. (La.) mirabilis Lutz, 1911 t [SA] 
F. (La.) palidetarsis Krober, 1930 [SA] 
Subgenus Leptofidena Krober, 1930 
(n=l) 
F. (Lf) morio (Wulp, 1881) t* [SA] 
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Subgenus Neopangonia Lutz, 1909 
(n=l) 
F. (Ne.) pusilla (Lutz, 1909) t [SA] 
Lepmia Fairchild, 1969 stat.n. (n=6) 
L. atra (Philippi, 1865)* trans.n. [SA] 
L. grisea (J aennicke, 1867)* trans.n. [SA] 
L. hibernus (Wilkerson & Coscar6n, 1984)* 
trans.n. [SA] 
L. leucothorax (Ricardo, 1900)* trans.n. [SA] 
L. molesta (Wiedemann, 1828) t* [SA] 
L. seminigra (Ricardo, 1902)* [SA] 
Myioscaptia Mackerras, 1955 stat.n. 
(n=ll) 
M calliphora Mackenas, 1960* [AU] 
M collessi Lessard, 2013* [AU] 
M bancrofti (Austen, 1912)* [AU] 
M gibbula (Walker, 1848)* [AU] 
M inopinata Fairchild & Mackenas, 1977* 
[AU] 
M lambkinae Lessard, 2013* [AU] 
M muscula (English, 1955)* [AU] 
M ferromontana Daniels 2011 * [AU] 
M nigroapicalis Mackenas, 1960* [AU] 
M nigrocincta Mackenas, 1960* [AU] 
M violacea (Macquart, 1850) t* [AU] 
Osca Walker, 1850 stat.n. (n=ll) 
0. abdominosa (Philip, 1969) [SA] 
0. albithora.x (Macquaii, 1838) [SA] 
0. aureonigra Krober, 1931 * [SA] 
0. aureopygia (Philip, 1969) [SA] 
0. collaris (Philippi, 1865) [SA] 
0. lata (Guerin-Meneville, 1835) t * [SA] 
0. rubriventris Krober, 1930* [SA] 
0 . rufa (Macquart, 1838)* [SA] 
0. sublata (Philip, 1969) [SA] 
0. varia (Walker, 1848)* [SA] 
0. nigribella (Wilkerson, 1984) [SA] 
Palimmecomyia Taylor, 1917 stat.n. 
(n=2) 
Pa. walkeri (Newman, 1857) t* [AU] 
Pa. pictipennis Mackenas, 1960* [AU] 
Parosca Enderlein, 1922 stat.n. (n=3) 
Pr. albifi~ons (Macquart, 1938)* trans.n. [SA] 
Pr. latipalpis (Macquart, 1849)* trans.n. [SA] 
Pr. viridiventris (Macquart, 1838) .i.* [SA] 
Pityocera Giglio-Tos, 1896 (n=5) 
Subgenus Elaphella Bezzi, 1913 (n= 1) 
Pt. (El.) cervus (Wiedemann, 1828) t* [SA] 
Subgenus Pityocera Giglio-Tos, 1896 
(n=l) 
Pt. (Pt.) festae Giglio-Tos, 1896t* [SA] 
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Subgenus Pseudelaphella Krober, 1930 
(n=3) 
Pt. (Pe.) nana (Walker, 1850) t* [SA] 
Pt. (Pe.) nigribasis Fairchild, 1964 [?] 
Pt. (Pe.) patellicornis Krober, 1930* [SA] 
Plinthina Walker, 1850 stat.n. (n=12) 
Pl. arnhemensis Lessard, 2011 * [AU] 
Pl. aurifulga Lessard, 2011 * [AU] 
Pl. beyonceae Lessard, 2011 * [AU] 
Pl. binotata (Latreille, 1812) t* [AU] 
Pl. clelandi (Ferguson, 1921)* [AU] 
Pl. cinerea (Ricardo, 1915)* [AU] 
Pl. divisa (Walker, 1850)* [AU] 
Pl. nelsonae Lessard, 2011 * [AU] 
Pl. nigerrima Mackenas, 1960* [ AU] 
Pl. nigripuncta Lessard, 2011 * [AU] 
Pl. subcinerea Mackenas, 1960* [AU] 
Pl. vertebrata (Bigot, 1892)* [AU] 
Pseudomelpia Enderlein, 1922 stat.n. 
(n=l) 
Pm. horrens Enderlein, 1925t* [SA] 
Pseudoscione Lutz, 1918 stat.n. (n=9) 
Ps. australis (Philippi, 1865)* [SA] 
Ps. dorsoguttata (Macquart, 1850)* [SA] 
Ps. fenestrata (Macquart, 1846) [SA] 
Ps. flavipes (Enderlein, 1929) [SA] 
Ps. longipennis (Ricardo, 1902) t* [SA] 
Ps. stictica Wilkerson & Coscar6n, 1984* [SA] 
Ps. subandina (Philippi, 1865)* [SA] 
Ps. subulipalpis (Enderlein, 1929) [SA] 
Ps. vittata (Philippi, 1865)* [SA] 
Scaptia Walker, 1850 (n=26) 
S. abdominal is (Ricardo, 1917)* [ AU] 
S. alpina alpina Mackenas, 1960* [AU] 
S. alpina hardyi Mackenas, 1960* [AU] 
S. aurata (Macquart, 1838) t* [AU] 
S. auranticula Mackenas, 1960* [AU] 
S. aureovestita (Ferguson & Henry, 1920)* [AU] 
S. auriflua (Donovan, 1805)* [ AU] 
S. aurinigra Lessard, 2013* [AU] 
S. aurinotum Mackenas, 1960* [AU] 
S. barbara Mackenas, 1960* [AU] 
S. berylensis (Ricardo, 1915)* [AU] 
S. brevirostris (Macquaii, 1850)* [AU] 
S. fulgida (Ferguson & Henry, 1920)* [ AU] 
S.jacksoniensis (Guerin, 1831)* [AU] 
S. jacksonii (Macquart, 1838)* [AU] 
S. limbithorax (Macquart, 1855)* [ AU] 
S. minuscula Mackenas, 1960* [AU] 
S. monticola Mackenas, 1960* [AU] 
S. norrisi Mackenas, 1960* [ AU] 
S. orba Mackenas, 1960* [ AU] 
S~ patula (Walker, 1848)* [AU] 
S. plana (Walker, 1848)* [AU] 
S. pulchra (Ricardo, 1915)* [AU] 
S. similis Mackerras, 1960* [ AU] 
S. testacea (Macquart, 1838)* [AU] 
S. tricolor (Walker, 1848)* [AU] 
Scione Walker, 1850 (n=41) 
Sc. ablusus Fairchild, 1964 [CA] 
Sc. acer Philip, 1958 [SA] 
Sc. alb ifasciata (Mac quart, 1846) * [SA] 
Sc. albohirta Krober, 1930 [SA] 
Sc. albopilosus Burger, 2002 [CA] 
Sc. aurulans (Wiedemann, 1830)* [CA, SA] 
Sc. bilineata Philip, 1967 [SA] 
Sc. brevibeccus Wilkerson, 1979* [SA] 
Sc. brevistriga Enderlein, 1925* [SA] 
Sc. cingulata (Enderlein, 1925) [SA] 
Sc. claripennis Ricardo, 1900 [SA] 
Sc. costaricana Szilady, 1926* [CA] 
Sc. crass a Szilady, 1926 [SA] 
Sc. cupreus Wilkerson, 1979 [SA] 
Sc. distincta (Schiner, 1868)* [SA] 
Sc. equatoriensis Surcouf, 1919* [SA] 
Sc. equivexans Wilkerson, 1979 [SA] 
Sc. fiavescens (Enderlein, 1930) [SA] 
Sc. fiavohirta Ricardo, 1902 * [SA] 
Sc. fulva Ricardo, 1902 * [SA] 
Sc. fumipennis Krober, 1930 [SA] 
Sc.fusca Ricardo, 1902* [SA] 
Sc. grandis Philip, 1943 [SA] 
Sc. huancabambae Krober, 1930* [SA] 
Sc. immaculata (Krober, 1930) [SA] 
Sc. incompleta (Macquart, 1846) t* [SA] 
Sc. limbativena Enderlein, 1925 [SA] 
Sc. longirostris Brethes, 1920 [SA] 
Sc. maculipennis (Schiner, 1868)* [SA] 
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Sc. minor (Macquart, 1847)* [SA] 
Sc. minuta Szilady, 1926 [SA] 
Sc. nigripes (Krober, 1930) [SA] 
Sc. obscurefemorata Krober, 1930 [SA] 
Sc. picta Szilady, 1926 [SA] 
Sc. punctata Szilady, 1926 [SA] 
Sc. rhinothrix Wilkerson, 1979 [SA] 
Sc. rufescens (Ricardo, 1900)* [SA] 
Sc. nifipes (Krober, 1930)* [SA] 
Sc. serratus Wilkerson, 1979 [SA] 
Sc. strigata (Enderlein, 1925) [SA] 
Sc. youngi Wilkerson, 1979 [SA] 
Triclista Enderlein, 1922 stat.n. (n=3) 
T. guttata (Donovan, 1805)* [AU] 
T. media (Walker, 1848)* [AU] 
T. singularis (Macquart, 1846) t* [AU] 
GONIOPSINI Lessard, tribe.n. 
Goniops Aldrich, 1892 trans.n. (n=l) 
G. chrysocoma Aldrich, 1892 t* [USA] 
MYCTEROMYIINI Coscaron & 
Philip, 1979 
Caenopangonia Krober, 1930 trans.n. 
(n=3) 
Cn. asper (Philip, 1958) [SA] 
Cn. brevirostris (Philippi, 1865)* [SA] 
Cn. hirtipalpis (~igot, 1892) t [SA] 
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9. General Conclusions 
Chapter Nine 
This study updated the species-level taxonomy for the Australian Scionini that has not 
been revised in over 50 years. Traditional morphological characters were useful in 
delimiting and describing 18 novel species from several genera that have accumulated in 
museum collections since Mackerras' (1960) previous work, including the novel genus 
Anzomyia Lessard, 2012 (Chapters Three to Six). In addition, the first quantitative 
phylogenetic hypothesis for the Scionini was provided using contemporary molecular 
methods (Chapter Seven). Multiple genetic markers, including mitochondrial and nuclear 
genes were valuable in resolving the phylogenetic relationships of a taxonomically 
difficult group, despite limited traditional morphology-based classification schemes. In 
the large molecular analysis, the monophyly of the Scionini and its individual genera were 
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well-supported, excluding the widespread genus Scaptia, which was identified as strongly 
paraphyletic and subsequently amended in the larger taxonomic revision of the Scionini 
(Chapter Eight). A novel diagnostic key to the genera of the Scionini was also developed 
to benefit future workers. Divergence time estimation indicated that the Scionini most 
likely originated in Australia, and that a complex process of both vicariance and long 
distance dispersal shaped the current biogeography of the tribe (Chapter Seven). The 
Scionini are now defined to include over 280 species from 17 recognised genera, 
including Anzomyia Lessard, 2012, Aotearomyia Lessard, 2014, Apocampta Schiner, 
1867, Copidapha Enderlein, 1922, Fidena Walker, 1850, Lepmia Fairchild, 1969, 
Myioscaptia Mackerras, 1955, Osca Walker, 1850, Palimmecomyia Taylor, 1917, 
Parosca Enderlein, 1922, Pityocera Giglio-Tos, 1896, Plinthina Walker, 1850, 
Pseudo1nelpia Enderlein, 1922, Pseudoscione Lutz, 1918, Scaptia Walker, 1850, Scione 
Walker, 185 0 and Triclista Enderlein, 1922. 
9.1 Stationary genera of the Scionini 
Multiple mitochondrial (COI and COII) and nuclear (AATS, CAD and 28S) genes were 
successful in providing the first quantitative phylogenetic hypothesis for the Scionini 
(Chapter Seven; Figure 7.2). The selected genes were straightforward to amplify and 
sequence, facilitating the identification of specimens distributed widely throughout the 
Southern Hemisphere. Molecular data also supported the monophyly of the Tabanidae 
subfamilies, reinforcing the previous molecular studies of Wiegmann et al. (2000) and 
Morita (2008). Moreover, the inclusion of the Scionini in the molecular analysis 
confirmed the placement of the tribe within a well-supported monophyletic Pangoniinae. 
The genera Fidena, Pityocera and Scione were all individually recovered as well-
supported monophyletic clades (Chapter Seven; Figure 7 .2). The molecular data also 
confirmed the placement of Pityocera within the Scionini, instead of belonging to a 
separate tribe as previously proposed by Krober (1932). Furthermore, the molecular 
monophyly of those genera agreed with traditional morphology-based classification 
schemes in the larger taxonomic revision of the Scionini (Chapter Eight). Based on the 
consistent morphological and molecular evidence, Fidena, Pityocera and Scione were 
accepted as valid genera of the Scionini. 
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9.2 Revised genera of the Scionini 
The genus Scaptia, in its unrevised form, was identified as radically paraphyletic in the 
phylogenetic hypothesis of the Scionini, indicating that major taxonomic revision was 
warranted (Chapter Seven; Figure 7.2). This paraphyly corresponded to several well-
supported monophyletic clades corresponding to the former subgenera of Scaptia and 
other erroneously synonymised genera. Scaptia was revised in the large taxonomic 
revision of the Scionini, which facilitated the raising of several of the former subgenera 
to genus level (Lepmia and Myioscaptia), in addition to reinstating genera that were 
previously reduced to subgenera of Scaptia (Palimmecomyia, Plinthina, Pseudomelpia 
and Pseudoscione) and resurrecting several incorrectly synonymised genera (Apocampta, 
Copidapha, Parosca, Osca and Triclista). 
9.2.1 Genus Scaptia Walker, 1850 
The Australian genus Scaptia was first introduced by Walker ( 1850), although the type 
species Pangonia aurata Macquart, 1838 was designated sometime later by Coquillett 
(1910). Many workers broadly applied this genus to the majority of Australian, New 
.. 
Zealand and South American species of Scionini by continuing to implement the previous 
subgenera of Scaptia and accepting the incorrect synonymy of Osca (Coscar6n and 
Wilkerson 1985; Coscar6n and Gonzalez 2001; Coscar6n and Iide 2003; Daniels 1989; 
Fairchild 1956, 1966a, 1969, 1971; Fairchild and Burger 1994; Ferguson 1924, 1926; 
Mackerras 1955, 1957, 1960, 1961, 1964; Oldroyd 1947; Philip 1967; Wilkerson 1984; 
Wilkerson and Coscar6n 1984). 
In the current phylogenetic hypothesis for the Scionini, the type species aurata formed a 
well-s1..1pported monophyletic clade with the remainder of the Australian species from the 
former subgenus Scaptia (Scaptia) (Chapter Seven; Figure 7.2). Moreover, Scaptia was 
genetically distinct from the remaining genera of the Scionini and recovered as sister to 
Fidena + Pityocera. Morphological examination confirmed that Scaptia was a unique 
taxon of the Scionini, distinguished by the parallel frons of females, with large pointed 
and sabre-like palpi, a short thick proboscis with large well-developed labella, rather stout 
and rotund abdomen that is not obviously dorsoventrally compressed and wings with cells 
Rs and M3 open (Chapter Eight). The molecular data and morphology were used to 
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redefine Scaptia as pertaining to the type species aurata and the Australian species from 
the former subgenus Scaptia (Scaptia). The results also facilitated the resurrection of 
Apocampta, Osca and Triclista, which were previously reduced to synonymies of Scaptia 
(Ferguson 1924, 1926), as they formed distinct monophyletic clades in the phylogenetic 
analysis. With the description of the novel species Scaptia aurinigra Lessard, 2013 
(Chapter Six), Scaptia now contains 26 recognised species endemic to Australia. 
9.2.2 Genus Triclista Enderlein, 1922 
Triclista was first introduced by Enderlein (1922) who merely listed the type species 
Pangonia singularis Macquart, 1846 (under the synonym Pangonia limbinevris 
Macquart, 1855) in a rudimentary key to the genera of the Scionini. The genus was not 
formerly described until three years later (Enderlein 1925), however, Ferguson (1926) 
reduced Triclista as a synonym of Scaptia based on modest morphological differences, 
and the synonymy was adopted by subsequent authors (Daniels 1989; Mackerras 1955, 
1960). Molecular results confi1med the well-supported monophyly of Triclista, including 
the type species singularis (Chapter Seven; Figure 7.2). In addition, Triclista was firmly 
separated and recovered as sister to the larger clade containing Scaptia and the majority 
of South American genera. Morphology also supported the distinct separation of Triclista 
from Scaptia, distinguished by the larger size, clouded wings with closure of cells Rs and 
M3 and obvious white markings of the abdomen (Chapter Eight). Therefore, Triclista was 
formally resurrected to a valid genus of the Scionini, based on the molecular data and 
distinct morphology of the genus. 
9.2.3 Genus Apocampta Schiner, 1867 
Apocampta was first introduced by Schiner (1867, 1868) as a monotypic genus of the 
Pangoniinae and designated with the type species Chrysops subcana Walker, 1848 (under 
the synonym Apocampta nigra Schiner, 1868). This was adopted by Enderlein (1922, 
1925), although the genus was reduced to a synonym of Scaptia by Ferguson (1926), 
which was accepted by subsequent workers (Daniels 1989; Mackerras 1955, 1960). The 
phylogenetic analysis indicated that Apocampta was a well-supported and genetically 
distinct clade formed of multiple specimens of the type species subcana (Chapter Seven; 
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Figure 7 .2). Furthermore, Apocampta was firmly separated from the genus Scaptia and 
recovered as sister to Osca. Morphology also supported the separation of Apocampta from 
Scaptia, distinguished by the smaller size, narrow to oblong abdomen and dark, radially 
stained wings (Chapter Eight). Therefore, Apocampta was formally resurrected to a valid 
genus of Scionini. 
9.2.4 Genus Osca Walker, 1850 
Walker ( 1850) originally presented Osca as a genus of the Tabanidae, which was 
eventually designated with the type species Tabanus lata Guerin-Meneville, 1835 by 
Coquillett (1910). Conversely, Ferguson (1924) reduced Osca to a synonymy of Scaptia, 
which was accepted by successive authors (Cardenas et al. 2009; Chainey et al. 1994; 
Coscar6n and Papavero 1993, 2009; Coscar6n and Wilkerson 1985; Fairchild 1956, 
1966b; Mackerras 1955, 1960; Philip 1967; Wilkerson 1984; Wilkerson and Fairchild 
1984 ). Interestingly, Krober ( 1930b, 1932, 1934) challenged the synonymy of Osca and 
continued to apply the name to the South American species. Molecular results indicated 
the well-supported genetic distinctiveness of Osca, which was formed of multiple 
specimens of the type species lata (Chapter Seven; Figure_ 7.2). Moreover, Osca was 
firmly separated from Scaptia and instead recovered as sister to Apocampta. Morphology 
further supported the separation of Osca from Scaptia, distinguished by the bumblebee-
like appearance, and oblong, dorsocentrally compressed abdomen with an obvious lateral 
fringe of dense hair (Chapter Eight). Therefore, Osca was formally resurrected to a valid 
genus of the Scionini. 
9.2.5 Genus Pseudoscione Lutz, 1918 
Lutz in Lutz, Araujo, and Fonseca (1918) originally presented Pseudoscione in a species 
checklist without a formal description, designation of type species or any statement 
indicating that the genus was new. Fairchild (1950) formally designated the type species 
Diatomineura longipennis Ricardo, 1902 sometime later. The first description of the 
taxon was provided by Mackerras (1955), who also reduced Pseudoscione to a subgenus 
of Scaptia. This synonymy was accepted by most authors who continued to broadly apply 
Scaptia (Pseudoscione) to the majority of Australian, New Zealand and South American 
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species of Scionini (Coscar6n and Papavero 1993, 2009; Fairchild 1969; Mackerras 1955, 
1957, 1960, 1964; Wilkerson and Coscar6n 1984; Wilkerson and Fairchild 1984). 
The phylogenetic analysis identified the former subgenus Scaptia (Pseuodscione) as 
strongly paraphyletic (Chapter Seven; Figure 7 .2), comprising four individually 
monophyletic clades corresponding to Pseudoscione sensu stricto (the clade containing 
vitatta Philippi, 1865 + australis Philippi, 1865 + dorsoguttata Macquart, 1850, South 
America), Copidapha andParosca, which were previously synonymised (Ferguson 1926; 
Macken·as 1955), and the novel New Zealand genus Aotearomyia. These four clades were 
formally revised as separate genera in the taxonomic revision of the Scionini (Chapter 
Eight). Morphology also confirmed that Pseudoscione was a distinct taxon of the 
ScioniniJ distinguished by the short and thick palpi with a prominent deep lateral bare 
concavity, and proboscis with reduced labella equal to the width of the proboscis shaft, 
and separated from Scione by the open wing cell M3 (Chapters Five and Eight). Moreover, 
Pseudoscione was firmly separated from its sister Parosca in the phylogenetic analysis 
(Chapter Seven; Figure 7 .2). Therefore, based on the distinct morphology and molecular 
evidence, Pseudoscione was reinstated to a valid genus vvithin the Scionini. 
9.2. 6 Genus Parosca Enderlein1 1922 
Enderlein (1922) first introduced Parosca without any formal diagnosis by simply 
including the type species Pangonia viridiventris Macquart, 1838 in a taxonomic key to 
the now synonymised subfamily Melpiinae. Eventually, the genus was formally described 
by Enderlein (1925). The taxonomy of the genus has been historically unclear, as Krober 
(1932) stated that Parosca was ill-defined and included an excessive number of 
heterogeneous species. Fu1ihermore, workers were unable to agree upon which species to 
include in the genus (Enderlein 1925; Krober 1930b). Parosca was at one time reduced 
to a synonym of Listrapha Enderlein, 1922 by Krober (1934), however, this synonymy 
was found to be incon·ect (Chapter 8) since Listrapha was first reduced to a synonym of 
Parosca sometime earlier by Krober (1930). Therefore, Parosca has page priority even 
though both genera were described at the same time (Enderlein 1922). Both genera were 
eventually reduced to synonyms of Scaptia (Pseudoscione) by Mackerras (1955). · 
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Molecular results confirmed the well-supported monophyly of Parosca, including the 
type species viridiventris (Chapter Seven; Figure 7 .2). Furthermore, Parosca was 
genetically distinct from the remainder of the Scionini and recovered as sister to 
Pseudoscione. Morphology also confirmed that Parosca was a unique genus of Scionini, 
distinguished from Pseudoscione by the broad build, proboscis with slightly thicker 
labella, and the more extensively flattened, broad, triangular, long and dorsally rotated 
palpi. Therefore, Parosca was formally resurrected to a valid genus of Scionini. 
Morphological examination also facilitated the transfer of Parosca albifrons (Macquart, 
1938), Parosca latipalpis (Macquart, 1849) and the type species Pr. viridiventris from 
their previous position within the former subgenus Scaptia (Pseudoscione ), based on the 
distinct form of the flat, broad and triangular palpi, as initially suggested by Krober 
(1930b). A novel taxonomic key to species was also developed to accommodate the 
revised species included in the genus. 
9.2. 7 Genus Copidapha Enderlein, 1922 
Enderlein (1922) originally presented Copidapha without any official diagnosis by 
simply listing the type species Pangonia roei Macleay, 1826 (under synonym Copidapha 
bifasciata Enderlein, 1925) in a rudimentary taxonomic key to the now synonymised 
subfamily Melpiinae. Copidapha was formally described sometime after by Enderlein 
(1925), however, the genus was reduced to synonym of Scaptia by Ferguson (1926) and 
collapsed under the former subgenus Scaptia (Pseudoscione) by Mackerras (1955). This 
synonymy was adopted in the proceeding work of others (Daniels 1989; Mackerras 1960, 
1964). 
Molecular results confirmed the well-supported monophyly of Copidapha, including the 
type species roei and the Australian members of the former subgenus Scaptia 
(Pseudoscione) (Chapter Seven; Figure 7.2). Moreover, Copidapha was firmly separated 
from Pseudoscione and recovered as an individual clade sister to all Scionini, excluding 
Anzomyia and Aotearomyia. Morphology also confirmed that Copidapha was a distinct 
member of the Scionini, distinguished from Pseudoscione by the truncate to moderately 
bulging face, wide palpi, and labella that are only somewhat wider than the proboscis 
shaft (Chapters Five and Eight). Based on the morphology and molecular evidence, 
Copidapha was formally resurrected. Mackerras (1955) alluded to the separation of 
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Copidapha from the former subgenus Scaptia (Pseudoscione) by indicating that the name 
Copidapha would become available if the Australian members ever needed to be 
differentiated from the remaining species. This was demonstrated in Chapter Five (Figure 
5 .1 ), displaying the morphological discrepancies in the head structure of the regional 
Aotearomyia (referred to as New Zealand members), Copidapha (Australian) and 
Pseudoscione (South American) genera. Therefore, Copidapha is now a valid genus of 
the Scionini. 
Seven novel species were also identified, named and described in Copidapha (Chapter 
Five), originally treated as the former subgenus Scaptia (Pseudoscione) before the genus 
was fonnally revised (Chapters Seven and Eight). The new species included Copidapha 
baylessi Lessard, 2012, Copidapha casseli Lessard, 2012, Copidapha mackerrasi 
Lessard, 2012, Copidapha moritae Lessard, 2012, Copidapha turcatelae Lessard, 2012, 
Copidapha turneri Lessard, 2012, and Copidapha wiegmanni Lessard, 2012. The genus 
Copidapha now comprises 44 recognised species from Australia and New Guinea, and 
the new species were included in an updated diagnostic key to species. 
9.2.8 Genus Palimmecomyia Taylor, 1917 
Taylor (1917) first described Palimmecomyia as a monotypic genus and designated the 
type species Pangonia walkeri Newman, 1857 (under the synonym Palimmecomyia 
celaenospila Taylor, 1917), as adopted by Ferguson (1926). Based on the structural 
similarities of the frons, proboscis and palpi, Mackerras (1955, 1960) reduced 
Palimmecomyia as a subgenus of Scaptia, as well as describing an additional species 
Palimmecomyia pictipennis Mackerras, 1960. Although absent in the molecular analysis, 
morphological examination suggested that Palimmecomyia was a unique genus of the 
Scionini and was identified as being most closely related to Copidapha, but distinguished 
by the peculiar shining wax-like cuticle, orange wings with striking brown staining at 
tips, and abdomen with distinct brown markings at the medial and lateral margins 
(Chapter Eight). Therefore, Palimmecomyia was reinstated to a valid genus of the 
Scionini. 
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9.2.9 Genus Myioscaptia Mackerras, 1955 
In one of the largest rev1s1ons of the Pangoniinae, Mackerras (1955) introduced 
Myioscaptia as a subgenus of Scaptia and designated the type species Pangonia violacea 
Macquart, 1850, which was adopted by others (Daniels 1989; Fairchild and Mackerras 
1977; Mackerras 1960). Molecular results confirmed the well-supported monophyly of 
Myioscaptia, including the type species violacea (Chapter Seven; Figure 7 .2). Moreover, 
Myioscaptia was firmly separated from the remaining Scionini and recovered as sister to 
Plinthina. Morphology also supported the molecular results, revealing that Myioscaptia 
was a unique genus distinguished from other genera by the smaller rotund size, with short 
rounded and leaf-like palpi and less obvious scutal and abdominal markings compared to 
Plinthina (Chapters Six and Eight). Therefore, Myioscaptia was taxonomically raised 
from its previous position as a subgenus and is now a valid genus of the Scionini. 
Two novel species were also identified, named and described in Myioscaptia (Chapter 
Six), originally treated as the previous subgenus Scaptia (Myioscaptia) before the genus 
was formally revised (Chapters Seven and Eight). Furthermore, the taxonomic key to 
species was updated to include all eleven known species of the genus, including the novel 
taxa, Myioscaptia collessi Lessard, 2013 and Myioscaptia la_mbkinae Lessard, 2013, and 
Myioscaptia inopinata Fairchild and Mackerras, 1977 that was described after the work 
of Mackerras (1960). 
9.2. 10 Genus Plinthina Walker, 1850 
Walker (1850) originally presented Plinthina as a monotypic genus and designated the 
type species Pangonia binotata Latreille, 1812 (under the synonym Pangonia 
macroporum Macquart, 1838). Ferguson (1926) was the first to recognise Plinthina as a 
subgenus of Scaptia, which was adopted by Mackerras (1955, 1960) and Daniels (1989). 
The molecular analysis demonstrated the well-supported monophyly of Plinthina, 
including the type species binotata (Chapter Seven; Figure 7 .2). In addition, Plinthina 
was considerably divergent from the remaining genera of the Scionini and recovered as 
sister to Myioscaptia. Morphology supported Plinthina as a unique taxon of the Scionini, 
distinguished from other members by the distinct marbling of the wings, although 
sometimes rather subtle, short thick, broad and flattened palpi and distinct markings on 
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the scutum and abdomen (Chapters Three and Eight). Therefore, Plinthina was formally 
reinstated to a valid genus of the Scionini 
Five novel species were also identified, named and described in Plinthina (Chapter 
Three), originally treated as the former subgenus Scaptia (Plinthina) before the tribe was 
formally revised (Chapters Seven and Eight). These new species include Plinthina 
arnhemensis Lessard, 2011, Plinthina aurifulga Lessard, 2011, Plinthina beyonceae 
Lessard, 2011, Plinthina nelsonae Lessard, 2011 and Plinthina nigripuncta Lessard, 
2011. These new species effectively doubled the known size of the genus and were 
included in a revised taxonomic key to species (Chapter Three). 
9.2.11 Genus Pseudomelpia Enderlein, 1922 
Enderlein (1922) introduced Pseudomelpia as a monotypic genus and designated the type 
species Pseudomelpia horrens Enderlein, 1925 ( described later in Enderlein 1925) in a 
taxonomic key to the former tribe Silviini. Pseudomelpia was only formally described 
sometime later by Krober (1930b) and was accepted as a genus by Fairchild (1966a). 
Despite this, Mackerras (1955) reduced Pseudomelpia to a subgenus of Scaptia, which 
has since been adopted by most authors (Fairchild 1969; Fairchild and Burger 1994; 
Coscar6n and Gonzalez 2001; Coscar6n and Papavero 1993, 2009). 
Although absent in the molecular analysis, morphological examination confirmed that 
Pseudomelpia was a unique taxon of Scionini (Chapter Eight). Moreover, Pseudomelpia 
was identified as being closely related to Anzomyia (Chapters Four and Eight), but 
distinguished by the extremely short and thick proboscis, basal four antennal 
flagellomeres appearing as fused, and with sho1i swollen club-like palpi. Therefore, 
Pseudomelpia was formally reinstated to a valid genus of the Scionini. 
9.2.12 Genus LepmiaFairchild, 1969 
Fairchild (1969) first described Lepn1ia as a subgenus of Scaptia and designated the type 
species Pangonia 1nolesta Wiedemann, 1828 . Many workers have since continued to treat 
Lep,nia as a subgenus of Scaptia (Coscar6n and Iide 2003; Coscar6n and Papavero 1993, 
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2009; Fairchild 1971; Fairchild and Burger 1994). Morphological examination identified 
Lepmia as a unique taxon (Chapter Eight) and can be distinguished by the densely haired 
scutum, large bulbous abdomen, moderately sized and thick proboscis with small reduced 
labella, and more bulging and less projecting face, and palpi that are usually short, broad, 
flat and blunt, with an extensive bare area. Taxonomic revision of the Scionini also 
facilitated the transfer of Lepmia atra (Philippi, 1865), Lepmia grisea (Jaennicke, 1867), 
Lepmia hibernus (Wilkerson and Coscar6n, 1984) and Lepmia leucothorax (Ricardo, 
1900) from the species previous position within the former subgenus Scaptia 
(Pseudoscione) (Chapter Eight), and a novel diagnostic key was developed to 
accommodate the revised species of the genus. Molecular results demonstrated the firm 
separation of Lepmia, represented by L. leucothorax, from the remainder of the Scionini 
and recovered as sister to the clade containing Scione + Parosca + Pseudoscione (Chapter 
Seven; Figure 7 .2). Therefore, based on the distinct morphology and molecular evidence, 
Lepmia was formally raised to genus level within the Scionini. 
9.3 Novel genera of the Scionini 
Morphological examination and molecular analysis of the Sc_ionini indicated the presence 
of two novel genera from Australia and New Zealand. These were formed of a 
combination of both previously described and novel species, corresponding to Anzomyia 
and Aotearomyia. 
9.3.1 Genus Anzomyia Lessard, 2012 
Mackerras (1955) referred to one Australian species, undescribed at the time, as being 
most similar to Scaptia (Pseudoscione) based on similarities in the antennal flagellomeres 
and genitalia, but also sharing the short fleshy proboscis and large, hairy antennal scape, 
most similar to Scaptia (Pseudomelpia). It was not until Mackerras' 1960 revision of 
Scaptia that this unnamed species was described as Scaptia anomala Mackerras, 1960. 
Furthermore, Mackerras (1960) identified Scaptia anomala as an intermediate species 
closely related to the former subgenera Scaptia (Scaptia) and Scaptia (Pseudoscione), 
and was provisionally placed within Scaptia (Pseudoscione) so it would not escape 
recognition: "S. anomala is exceptional, in combining the short proboscis and long palpi 
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of [the subgenus] Scaptia with the diverging frons and general appearance of [the 
subgenus] Pseudoscione ... a case could be made for establishing [ a new subgenus] for 
Scaptia, [ corresponding to] S. anomala, and that may prove to be a proper course when 
more is known about it" (Mackerras 1960, p. 33). 
Scaptia anomala was designated as the type species of the novel genus Anzomyia 
(Chapter Four), in addition to the description of three novel species that had accumulated 
in Australian and New Zealand collections since the work of Mackerras (1955, 1960). 
Traditional morphological characters were useful in describing these new species, 
including Anzomyia chrysomallis Lessard, 2012 and Anzomyia pegasus Lessard, 2012 
both from Australia, andAnzomyia herculensis Lessard, 2012 from New Zealand. A novel 
key to species was also developed for the genus to benefit future workers (Chapter Four). 
Morphological examination demonstrated the firm separation of Anzomyia from the 
remaining Scionini, distinguished by the diverging frons , proboscis usually short and 
thick, and subcylindrical palpi with reduced apical pits (Chapters Four and Eight). This 
was co1Toborated by the molecular results confirming the large genetic divergence of 
Anzo,nyia from the remainder of the Scionini, which was recovered as sister to 
Aotearomyia (Chapter Seven; Figure 7.2). Moreover, Anzomyia formed a strongly 
supported and genetically divergent clade represented by multiple specimens of An. 
pegasus. Therefore, Anzomyia was accepted as a valid genus of the Scionini based on the 
morphological and molecular distinctiveness. 
9.3.2 Genus Aotearomyia Lessard, 2014 
In the phylogenetic analysis of the Scionini, the New Zealand species previously 
belonging to the former subgenus Scaptia (Pseudoscione) recovered as a well-supported 
monophyletic clade sister to Anzon1yia (Chapter Seven; Figure 7.2). This New Zealand 
clade was also firmly removed from Copidapha, Parosca and Pseudoscione. Morphology 
confinned the distinct separation of the New Zealand clade from the remaining Scionini, 
distinguished by the stout build, narrow and almost parallel frons that diverges only at the 
ventral margin, and large slender and tapered palpi with a conspicuous lateral bare area 
that is often dorsally rotated (Chapters Five and Eight). Therefore, based on the molecular 
data and distinct morphology, the unique New Zealand clade was described as the novel 
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genus Aotearomyia and the type species Pangonia adrel Walker, 1850 was designated, 
as well as including six previously described species from the former subgenus Scaptia 
(Pseudoscione ). 
9.4 Genera previously belonging to the Scionini 
Based on the molecular data (Chapter Seven) and distinct morphology (Chapter Eight), 
the two peculiar genera Goniops and Caenopangonia were removed from the Scionini 
and reassigned to the tribes Goniopsini Lessard, 2014 and Mycteromyiini, respectively. 
Therefore, the Scionini now comprises 17 distinct genera endemic to the Southern 
Hemisphere. 
9. 4.1 Genus Goniops Aldrich, 189 2 
Aldrich ( 1892) introduced Goniops as a monotypic genus from the eastern coast of the 
United States of America and designated the type species Pangonia chrysocoma Osten-
Sacken, 187 5 (under the synonym Goniops hippoboscoides Aldrich, 1982). Mackerras 
(1955) included this genus in the Scionini, however, molecular results identified that 
Goniops was firmly separated from the Scionini (Chapter Seven; Figure 7 .2); Goniops 
recovered as sister to either the Scionini or the Philolichini, depending on the method of 
phylogenetic inference. Morphological correspondence supported the molecular results, 
confirming that Goniops is strongly divergent from the Scionini and distinguished by the 
bare eyes, extremely wide frons of the female with a prominent callus, sunken face, 
cylindrical palpi without a definitive bare lateral concavity or apical pit, and 
conspicuously reduced proboscis, all uncommon features to the Scionini (Chapter Eight). 
Therefore, Goniops was removed from the Scionini and placed within the novel tribe 
Goniopsinini Lessard, 2014. This is further supported by the geographical isolation of 
Goniops in the N earctic, compared to the Scionini that are endemic to the Southern 
Herr1isphere. 
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9. 4. 2 Genus Caenopangonia Krob er, 19 3 0 
Krober (1930b) originally presented Caenopangonia as a genus of the Pangoniinae and 
designated the type species Diatomineura hirtipalpis Bigot, 1892. Mackerras (1955), 
however, reduced Caenopangonia to a synonym of Mycteromyia Philippi, 1865. Despite 
this , Coscar6n and Philip (1979, p. 427) resurrected Caenopangonia based on the unique 
morphology and "questionably retained" the genus within the Scionini. Although absent 
in the molecular analysis, examination of morphology revealed minor differences 
between Caenopangonia and the Mycteromyiini (Chapter Eight). Morphological 
discrepancies were identified as being vastly greater between Caenopangonia and the 
Scionini, as Caenopangonia is distinguished by the presence of the dichoptic eyes in the 
male, females with extremely wide and densely haired frons with an indistinct subcallus 
due to the lack of transverse suture, as well as the sunken face, exceptionally strong scutal 
vittae, and elongated abdomen with rigid cuticle. Furthermore, the genitalia of 
Caenopangonia are more reminiscent of the Pangoniini which were recovered as sister to 
the Mycteromyiini in the phylogenetic analysis (Chapter Seven; Figure 7 .2). Therefore, 
Caenopangonia was removed from the Scionini and reassigned to the more appropriate 
tribe Mycteromyiini. 
9.5 Extended distribution of the Australian Scionini 
Several of the recently described species significantly extended the known distribution of 
the Scionini into unexpected regions of Australia where the tribe was previously thought 
absent and unable to survive. This was despite some regions having an extensive history 
of entomological collection. The recently described species Plinthina arnhemensis and 
Plinthina nelsonae are the first records of the Scionini from the northern coast of central 
Australia, including northeast of the Northern Territory and Western Australia, 
respectively (Chapter Three). Moreover, the recently described species Myioscaptia 
lambkinae extends the known distribution of the Scionini over 700 km NE into central 
Western Australia where it has not been previously collected (Chapter Six). The most 
significant extension corresponded to Copidapha mackerrasi, collected from Alice 
Springs in the Northern Ten·itory, and is the only central species of Australian Scionini 
(Chapter Five). The nearest recorded species to this was over 700 km NE of Alice Springs 
belonging to Pl. arnhemensis collected from Musselbrooke Creek, Lawn Hill National 
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Park, Queensland. Moreover, C. mackerrasi is located over 1200 km NW from the nearest 
species recorded from within the same subgenus, Copidapha guttipennis (Ferguson, 
1924 ), Cleve, South Australia. 
These new collection records suggest for the first time that the Scionini appear adapted 
to tolerate and persist in dry drought prone regions of Australia that are often subjected 
to extreme temperatures. The Australian genera of the Scionini were previously 
considered to be limited to mild-temperate to subtropical environments, as the majority 
of species are restricted to the coastline (Mackerras 1960). Temperature and availability 
of soil moisture were further thought to restrict the distribution of the tribe, both 
regulating breeding behaviour, larval development in soil or plant substrate (although 
little is known regarding the larval biology of the family), frequency of adult emergence, 
and sustainability of flowers for feeding (Mackerras 1960). Moreover, the recently 
described species C. mackerrasi and M lambkinae are the first records of the Scionini to 
occur in inland Australia. Both species were collected within close proximity to gorges, 
presumably surviving desiccation by taking advantage of cooler temperatures during the 
day and an increase in water availability for larval development. Therefore, additional 
species of the Scionini are expected to occur in more remote and arid regions of Australia. 
9.6 Evolution and biogeography of the Scionini 
Divergence time estimation and the fossil record were used to determine whether the 
current distribution of the Scionini was a result of the sequential fragmentation of the 
ancient supercontinent of Gondwana (Chapter Seven). Results indicated that the Scionini 
are a true Gondwanan group and are most likely Australian in origin. Furthermore, a 
complex process both of vicariance and long distance dispersal appears to have shaped 
the current biogeography of the tribe. 
Mackerras ( 1960) hypothesised that the Scionini may have evolved in a temperate 
Antarctica and radiated to New Zealand, Australia and South America. Although the 
Antarctic taxa are extinct, given the dominant presence of Australian clades with the 
South American genera nestled within them (Chapter Seven; Figures 7 .2 and 7 .3), it is 
plausible that the Scionini are Australian in origin and subsequently radiated outward to 
the Southern Hemisphere. Based on the molecular results, there appear to be at least three 
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1nain waves of radiation from Australia: 1) the colonisation of New Zealand by 
Aotearomyia via long distance dispersal; 2) the radiation of the Osca lineage to South 
America by vicariance; and 3) the radiation of Lepmia + Parosca + Scione + 
Pseudoscione and Pityocera + Fidena to South America by vicariance. Based on the 
unsampled taxa, there may be a possibility of two additional radiations of the Scionini 
from Australia, including a second more recent dispersal to New Zealand by Anzomyia 
herculensis Lessard, 2012, the only New Zealand species of Anzomyia, and a separate 
radiation of the Pseudomelpia lineage to South America most likely by vicariance. 
Mackerras (1960) also suggested that Australian Scionini colonised New Guinea via 
distance dispersal during the more recent glaciation events of the Pleistocene ice age. 
Long distance dispersal of the Australian Scionini to New Zealand may have been 
facilitated by a series of atolls that once connected Zealandia to the rest of Gondwana, 
similar to today's Kermadec Islands. Such atolls may have been more pronounced or even 
connected during periods of glaciation, similar to when mainland Australia was connected 
to Tasmania during the recent glaciation events 9,000-6,500 years ago. The larvae, some 
of which are known to develop in close proximity to decaying tree trunks (Coscar6n and 
Gonzalez 1989), could have floated from Australia to New Zealand and henceforth 
radiated. While unusual, this hypothesis is plausible given that larval development for 
the Scionini can take up to three years to complete (Coscar6n and Gonzalez 1989; English 
1955), giving individuals time to survive such a journey. Long distance dispersal of 
Australian species to New Zealand has also been hypothesised for the southeastern 
Australian bombyliid species Comptosia moretonii Macquart, 1855, which is suggested 
to have been blown across the Tasman Sea to the South Island of New Zealand (Yeates 
1991 ). 
An alternative hypothesis for the colonisation of New Zealand may still be explained by 
vicariance, as the confidence interval of the split between Anzomyia + Aotearomyia and 
the remaining Scionini (74.5-32.5 MY; Chapter Seven; Figure 7.3) overlaps with the 
fragmentation of Zealandia from Gondwana. Mackerras (1957, p. 583) hypothesised that 
''New Zealand has been too isolated since the Pleistocene for recolonisation to have 
occurred, but there is enough evidence of recent speciation to suggest rehabilitation of a 
previously depressed fauna". Either scenario may have led to the colonisation of New 
Zealand, including vicariance of ancestral fauna that may have suffered an extinction 
event, such as the drowning of Zealandia during the Oligocene (38-26 MY; Knapp et al. 
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2007), with survivors undergoing recent speciation. Conversely, species might have 
speciated after the drowning of New Zealand, arriving from Australia more recently via 
long distance dispersal. 
Molecular results indicated that the colonisation of Australia and South America by the 
Scionini was most likely due to ancient vicariance, perhaps using Antarctica as a 
biological corridor for migration. Furthermore, the short branch lengths exhibited in the 
molecular analyses (Chapter Seven; Figures 7.2 and 7.3) suggest that the genera may have 
undergone rapid radiation, possibly coinciding with the exploitation of new, previously 
unoccupied niches. These results are somewhat corroborated with the previous molecular 
work of Cranston et al. (2010, 2012) and Krosch et al. (2011), who demonstrated that the 
current Gondwanan biogeographic pattern of the Chironomidae was also formed by 
complex mechanisms of both vicariance and long distance dispersal. 
9. 7 Future investigations 
Despite the best sampling efforts, several taxa were unable to be included in the molecular 
analysis and are desired for future molecular studies to _confirm their phylogenetic 
relationships within the Scionini. These include some genera (Palimmecomyia and 
Pseudomelpia), subgenera (Fidena subgenera Laphriomyia Lutz, 1911, Leptofidena 
Krober, 1930 and Neopangonia Lutz, 1909; Pityocera subgenera Pityocera Giglio-Tos, 
1896 and Pseudelaphella Krober, 1930), type species [Anzomyia anomala (Mackerras, 
1960), Fidena leucopogon (Wiedemann, 1928), Lepmia molesta (Wiedemann, 1828), 
Palimmecomyia walkeri (Newman, 1857), Pityocera festae Giglio-Tos, 1896, 
Pseudomelpia horrens Enderlein, 1925, Pseudoscione longipennis (Ricardo, 1902) and 
Scione incompleta (Macquart, 1845)], and morphologically idiosyncratic species 
[ Copidapha ianthina (White, 1915), Copidapha mackerrasi, Scaptia aurinotum 
Mackerras, 1960, Scaptia barbara Mackerras, 1960, Scaptia limbithorax (Macquart, 
1855) and Scaptia norrisi Mackerras, 1960 from Australia; Anzomyia herculensis from 
New Zealand]. More extensive sampling of the New Guinean and South American genera 
is also desired, in addition to the inclusion of Caenopangonia, which is expected to 
confirm the reassignment of the genus to the Mycteromyiini. 
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Some of the deeper nodes in the current molecular phylogeny of the Scionini still remain 
unclear. An integrated approach is recommended to incorporate the revised morphology 
of the genera of the Scionini in subsequent phylogenetic analyses. Unfortunately, this 
approach was unable to be used in the present study since there were too few 
morphological characters available for analysis, especially given that the taxonomic 
revision and redescription of the genera of the Scionini was directly inferred from the 
molecular data. Future systematic and biogeographic studies will ultimately benefit from 
an increased sampling of additional genes and perhaps the inclusion of phylogenomic 
data. 
Further taxonomic revision is still required for the South American genera Fidena, 
Pityocera and Scione, given the prominent morphological uniformity of these groups and 
the outdated diagnostic keys that exclude multiple recently described and synonymised 
species. Larval and pupal stages are unknown for the majority of the genera of the 
Scionini and are only rudimentarily described for Aotearomy ia, Copidapha, My ioscaptia, 
Osca and Scaptia. Although the limited availability of collected material has hindered the 
development of a thorough diagnosis for these stages, the immatures may provide a suite 
of putatively useful and informative characters for future phylogenetic studies of this 
fascinating and ecologically impotiant group of Diptera. 
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